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By  the  Director. 

The  duties  imposed  upon  an  ag-ricultural  experiment  station  are 
•  |uite  comprehensive  and  varied,  yet,  there  is  one  point  which  is  com- 
monly overlooked  by  the  general  public,  which,  in  a  measure,  circum- 
scribes the  work  and  functions  of  the  station.  The  law,  while  giving 
d  range  of  subject  for  consideration,  yet  specifically  designates  that 
the  station  shall  conduct  researches  or  experiments  bearing  directly 
upon  the  agricultural  industry  of  the  United  States.  Section  2,  of 
the  Hatch  Act,  defines  the  work  and  it  is  as  follows : 

"That  it  shall  be  the  object  and  duty  of  said  experiment  stations 
to  conduct  original  researches  or  verify  experiments  in  the  physiology 
of  plants  and  animals ;  the  diseases  to  which  they  are  severally  sub- 
ject, with  the  remedies  for  the  same ;  the  chemical  composition  of 
useful  plants  at  their  different  stages  of  growth  ;  the  comparative 
advantages  of  rotative  cropping  as  pursued  under  a  varying  series 
of  crops  ;  the  capacity  of  new  plants  or  trees  for  acclimation  :  the 
analysis  of  soils  and  waters ;  the  chemical  composition  of  manures, 
natural  or  artificial,  with  experiments  designed  to  test  their  compara- 
tive effects  on  crops  of  different  kinds ;  the  adaptation  and  value  of 
grasses  and  forage  plants ;  the  composition  and  digestibility  of  the 
different  foods  for  domestic  animals ;  the  scientific  and  economic 
questions  involved  in  the  production  of  butter  and  cheese,  and  such 
other  researches  or  experiments  bearing  directly  on  the  agricultural 
industry  of  the  United  States,  as  may  in  each  case  be  deemed  advisa- 
ble, having  due  regard  to  the  varying  conditions  and  needs  of  the  re- 
spective States  or  territories." 

W'iih-  as  is  the  range  of  work  designated  by  this  law,  yet  there 
are  many  things  which  it  seems  desirable  to  do  so  as  to  bring  the  work 
o?  the  Station  in  touch  with  the  people  and  in  order  to  conform  to 
public  demands,  though  it  is  not  strictly  research.  All  who  have  had 
to  do  with  the  practical  working  of  an  experiment  station  recognize 
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that  it  is  necessary  to  conform  in  a  measure  to  the  popular  demands 
and  notions  of  the  practical  farmers. 

The  demands  for  information  of  a  character  which  has  long 
passed  the  experimental  stage  by  letter,  by  lecturers  at  farmers'  meet- 
ings of  various  kinds,  and  by  visit  to  individul  farms  is  constantly  on 
the  increase.  This  class  of  work  draws  heavily  upon  the  time  of  the 
investigators  and  considerably  lessens  the  amount  of  new  information 
that  can  be  acquired.  Nevertheless  it  is  deemed  necessary  for  the 
Station  to  include  this  field  of  labor  within  its  province  and  the  only 
way  that  the  full  demands  ma}-  be  met  will  be  to  have  the  State  pro- 
vide for  the  expense  incurred  and  so  not  encroach  on  the  proper  ex- 
penditure of  the  "Hatch"  fund.  As  to  the  work  in  progress  at  this 
Station,  it  may  be  said  in  general  that  all  has  gone  smoothly  and  that 
everyone  connected  with  the  Station  has  seemingly  put  forth  their 
best  ef¥ofts  towards  advancing  the  best  interests  of  the  Station  as  a 
whole,  as  well  as  the  particular  division  with  which  they  are  concerned. 

LIST  OF  EXPERIMENTS  IN  PROGRESS. 

It  is  impossible  to  give  an  adequate  idea  of  the  work  at  the  Ex- 
periment Station  and  its  several  divisions,  by  an  enumeration  of  the 
same  within  the  space  of  a  brief  report.  To  fully  appreciate  the  tests 
in  progress  and  the  amount  of  labor  involved  by  the  different  tests, 
it  is  desirable  to  go  over  them  in  detail  with  the  specialist  in  charge ; 
but,  as  this  is  impossible  for  many,  the  lines  of  investigations  being 
pursued  by  the  several  divisions  are  briefly  enumerated  in  the  fol- 
lowing pages.  The  principal  lines  of  work  may  be  classified  under  the 
following  heads : 

AGRICULTURAL  DIVISION. 

1.  Agricultural  grasses  and  legumes;  comparison  of  thirty-two 
varieties,  as  to  their  adaptation  to  local,  climatic  and  soil  conditions, 
productiveness,  longevity,  aggressiveness,  time  of  development  and 
special  usefulness  for  hay  or  pasture.    Begun  in  fall  of  1899. 

2.  Experiment  to  determine  the  best  method  of  using  stable 
manure  as  to  time  and  manner  of  application- — twenty  plots.  Begun 
in  fall  of  1899.    Duplicate  experiments  begun  in  summer  of  1900; 

3.  Experiment  to  determine  the  best  method  of  cultivating 
corn.    Begun  in  spring  of  1900. 

4.  Experiment  to  determine  the  best  time  for  planting  field 
corn.    Begun  in  spring  of  1900. 

5.  Experiment  to  determine  the  comparative  value  of  thick, 
medium  thick  and  thin  planting  of  corn. 

6.  Experiment  to  determine  the  best  method  of  applying  com- 
mercial fertilizers  to  corn  in  connection  with  stable  manure. 

7.  Experiment  to  determine  the  effect  of  different  methods  of 
planting,  cultivating  and  manuring  corn  upon  the  stand  and  develop- 
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ment  of  crimson  clover  following  corn.  This  experiment  follows  ex- 
periments 2  to  6,  inclusive. 

8.  Experiment  to  determine  the  relative  value  of  first  and  sec- 
ond crop  seed  potatoes.    Begun  in  1900,  continued  in  1901. 

9.  Experiment  to  determine  the  best  method  of  cultivating  po- 
tatoes.   Begun  in  1900,  continued  in  1901. 

10.  Experiment  to  determine  the  practicability  of  growing  cow- 
peas  with  corn.    Begun  in  1900,  continued  in  1901. 

11.  Experiment  to  determine  the  effect  of  early  and  late  turning 
under  of  crimson  clover  as  preparation  for  late  potatoes.  Begun  in 
fall  of  1900. 

12.  Experiment  to  determine  the  hardiness  of  fall-seeded  alfalfa. 
Begun  in  fall  of  1900. 

13.  Experiment  in  inoculating  soil  for  soy  beans.  Begun  in 
fall  of  1900. 

14.  Experiment  in  improvement  of  wheat  by  selection  of  seed. 
Begun  in  1898. 

Besides  the  experiments  mentioned  above  this  division  takes 
part  in  some  of  the  cooperative  tests  with  the  United  States  Depart- 
ment of  Agriculture  and  with  numerous  farmers  in  the  State. 

DIVISION  OF  BOTANY  AND  PLANT  PATHOLOGY. 

Most  of  the  time  of  this  division  is  taken  up  with  the  inspection 
work  necessitated  by  the  State  Horticultural  Inspection  law ;  but  aside 
from  this  some  special  investigations  are  in  progress  upon  the  follow- 
ing subjects : 

1.  Peach  yellows. 

2.  Peach  rot. 

3.  Apple  rot. 

4.  Cantaloupe  blight. 

5.  Crown  gall  of  apple. 

6.  Cabbage  diseases. 

7.  Root  Diseases  of  fruit  trees. 

8.  Diseases  of  green  house  crops. 

9.  Cooperative  experiments,  in  several  parts  of  the  State,  spray- 
ing for  the  prevention  of  fruit  and  vegetable  diseases. 

CHEMICAL  DIVISION. 

The  chemical  division  has  had  considerable  routine  work  to  per- 
form during  the  past  year  in  connection  with  the  experiments  of  other 
divisions  and  the  examination  of  miscellaneous  samples;  but,  besides 
this  work,  much  time  has  been  spent  in  cooperation  with  the  dairy 
division  upon  a  study  of  the  effects  of  milk  preservatives  upon  diges- 
tibility. At  the  present  time  a  study  is  in  progress  upon  the  effects  of 
various  kinds  of  baking  powders  upon  the  digestibility  of  breads. 
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DAIRY  DIVISION. 

The  most  of  the  past  year  the  dairy  division  has  been  occupied  ia  * 
conjunction  with  the  chemical  division  in  the  study  of  the  influence  of 
milk  preservatives  upon  digestibility.    Besides  this  work  the  follow- 
ing experiments  are  in  progress : 

1.  Conditions  which  effect  the  keeping  qualities  of  milk. 

2.  Methods  for  the  control  of  the  moisture  content  of  butter. 

3.  Testing  and  trying  to  devise  methods  for  removing  garlic 
odors  from  milk  and  butter. 

DIVISION  OF  ENTOMOLOGY. 

This  division,  as  well  as  the  division  of  plant  pathology,  is  chiefly- 
concerned  with  the  inspections  necessitated  by  the  State  Horticultural 
Inspection  Law  and  most  of  the  time  of  the  Entomologist  is  consumed 
in  this  work.  The  lines  of  the  work  pursued  may  be  classified  under 
three  main  heads. 

1.  Experimental  work  in  orchards  with  various  insecticides  for 
the  better  control  of  the  San  Jose  Scale'.  The  past  winter,  rather  ex- 
tensive experiments  have  been  conducted  in  various  parts  of  the  State 
with  dififerent  strengths  of  crude  petroleum  and  with  lime,  salt  and 
sulphur  wash.  Results  as  far  as  determined  indicate  that  the  lime, 
salt  and  sulphur  wash,  is  practically  as  effective  in  killing  the  scale  as 
the  mineral  oils,  or  whale  oil  soap,  even  under  adverse  weather  condi- 
tions. Arsenate  of  lead,  in  various  strengths,  is  being  tested  on  peaches 
and  plums  as  a  possible  remedy  for  the  curculio. 

2.  Life  history  studies  of  injurious  insects  are  being  conducted 
in  the  laboratory  as  much  as  time  will  permit.  At  the  present  time 
the  habits  and  life  histories  of  the  following  species  are  under  investi- 
gation :  The  black  peach  aphis,  (Aphis  persicae-niger) ;  the  West 
Indian  peach  scale  (Diaspis  pentagona) ;  the  curculio  (Contracpelus 
nenupher).  Some  time  is  given  during  trips  over  the  State  to 
collect  data  on  the  various  injurious  species  of  insects,  and  this  in- 
formation is  properly  classified  in  the  office  and  thus  becomes  avail- 
able for  future  ready  reference. 

3.  A  permanent  collection  of  economic  insects  of  the  State  has 
been  begun,  which,  it  is  hoped  to  make  of  great  value  and  interest.  So 
far  as  possible  the  various  life  stages  are  represented  with  specimens 
of  their  work.  Such  a  collection  will  be  very  valuable  in  our  own  work 
and  will  also  be  available  for  illustration  purposes  at  agricultural  and 
horticultural  meetings. 

HORTICULTURAL  DIVISION. 

The  work  of  this  division  during  the  past  year  has  been  con- 
siderably interfered  with  by  the  sickness  of  Prof.  Robinson,  since  the 
first  part  of  August,  1901,  and  this  made  the  work  devolve  upon  Prof. 
Sandsten,  the  associate  horticulturist,  who  came  to  us  just  a  few  days 


before  Prof.  Robinson  was  taken  sick.  This  condition,  as  can  be  well 
understood,  placed  Prof.  Sandsten  at  considerable  disadvantage.  Prof. 
Sandsten  was  also  sick  for  a  number  of  weeks  in  the  early  winter  with 
typhoid  fever,  which  placed  him  at  still  further  disadvantage  in  his  new 
field  of  labor,  and  prevented  taking  up  some  work  which  might  have 
been  possible  otherwise. 

The  gardener,  Mr.  White,  followed  the  routine  work  of  the  de- 
partment, so  that  this  part  has  suffered  very  little. 

Considerable  new  work  has  been  outlined  and  inaugurated  the 
present  year,  and  the  whole  of  the  work  is  being  classified  and  rear- 
ranged so  as  to  make  all  more  systematic  and  enable  the  labor  to  be 
better  and  more  economically  performed.  Much  of  this  has  been  made 
a  necessity  at  this  time  by  the  transfer  of  the  garden  and  campus  to  the 
Experiment  Station,  so  that  all  can  be  supervised  and  conducted  with 
the  same  force. 

The  lines  of  work  in  the  horticultural  division  for  the  present  may 
be  briefly  summarized  as  follows  : 

1.  Experiments  along  the  line  of  orchard  management,  including 
cultural  methods,  spraying,  cover  crops,  pruning  and  the  use  of  ferti- 
lizers. 

2.  Tests  of  varieties  of  apples  as  to  their  adaptability  to  Maryland 
climate  and  soils. 

3.  Cooperative  experiments  in  the  use  of  cover  crops  as  to  their 
relative  value  in  different  parts  of  the  fruit-growing  sections  of  the 
State. 

4.  Cooperative  tests  as  to  the  relative  value  of  muriate  and  sul- 
phate of  potash  on  apples,  peaches,  pears  and  plums. 

5.  Extended  .study  as  to  the  cause  or  causes  which  produce  pithi- 
ness in  celery  and  to  compare  the  relative  merits  of  foreign  and  do- 
mestic celery  seed. 

6.  Extended  variety  tests  of  strawberries,  melons  and  tomatoes. 

7.  Extended  study  of  different  kinds  of  greenhouse  soils. 

8.  Extended  cooperative  tests  of  varieties  of  sweet  potatoes  in 
connection  with  the  United  States  Department  of  Agriculture. 

9.  A  study  of  the  best  variety  and  cultural  methods  of  currants, 
gooseberries  and  raspberries. 

10.  Plant  breeding  and  selection  with  strawberries  and  carna- 
tions. 

11.  Best  rotation  of  vegetables  for  forcing  in  greenhouses,  and 
test  of  varieties  for  indoor  culture. 

12.  Onion  growing,  cultural  methods  and  variety  test. 

13.  A  systematic  study  of  the  different  fruit  areas  of  Maryland 
and  conditions  which  influence  them. 
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VETERINARY  DIVISION. 

The  work  of  the  veterinary  department  of  the  Exp'eriment  Station 
for  the  past  year  has  been  devoted  to  a  consideration  of  the  disease 
among  horses  known  as  LeucoencephaUtis.  Attempts  have  been  made 
to  induce  this  disease  by  feeding  and  by  inoculation,  but  so  far  without 
any  degree  of  success. 

Throughout  the  year  several  calves  have  died  with  peculiar  symp- 
toms, that  have  recently  been  shown  by  Nocard  to  be  the  result  of  the 
same  agency.  It  is  that  of  "White  Scour"  and  "Lung  Disease."  Pre- 
viously, this  has  been  slow  to  respond  to  treatment,  as  its  real  cause 
was  unknown.  It  has  been  proven  to  be  due  to  the  entrance  of  micro- 
organisms, at,  or  shortly  after,  birth,  through  the  "navel-cord,"  and 
the  two  diseases,  although  dissimilar,  are  due  to  the  same  agency. 
Proper  treatment  at  the  act  of  birth  has  prevented  these  diseases,  and 
it  will  be  done  hereafter  in  our  animals.  There  seems  to  be  no  ques- 
tion about  our  trouble  being  identical  with  that  reported  upon  by  No- 
qard  in  April,  and  a  test  is  under  way  at  the  present  time. 

Several  cases  of  sickness  liave  occurred  during  the  year,  and  sev- 
eral operations  performed  on  our  animals.  On  the  outside  a  few  cases 
of  Parturient  Paresis  (Milk  Fever)  liave  responded  to  the  Schmidt 
treatment. 

The  entire  dairy  herd  has  been  Tuberculin  tested  and  eleven  cases 
responded  to  the  test.  Two  of  these  were  (Icstrox  cd,  and  showed  well 
advanced  cases  of  Tuberculosis.  The  remainder  have  been  isolated 
for  experimental  purposes,  and  this  work  will  be  taken  up  at  once.  It 
is  mtended  to  make  periodic  injections  of  Tuberculin  to  study  its  ef¥ect, 
in  way  of  verifying  such  tests  made  heretofore,  and  to  determine  the 
value  of  Cinnamic  Acid  or  Cinnimate  of  Soda  in  producing  encrysted 
tuberculas  nodules.  This  is  now  claiming  the  attention  of  human  speci- 
alists, and  is  deserving  of  careful  inquiry,  as  its  results  seem  to  be  very 
hopeful.  For  our  purposes  the  crude  P)enzoin  and  Pialsam  Storax  and 
Peru  can  be  used  as  being  less  expensive,  and  a  certain  amount  of 
which  is  already  on  hand.  These  contain  Cinnamic  Acid,  and  possess 
properties  additionally  beneficial. 

It  is  to  be  hoped  that  nothing  will  prevent  a  careful  study  of 
Bovine  Tuberculosis  in  our  isolated  herd.  Fortunately,  beyond  the 
ordinary  care  of  these  animals  the  expenses  of  experimental  work 
re' d  be  but  slight.  The  rearing  of  calves  can  be  made  a  source  of 
profit  from  this  herd,  provided  their  disease  runs  a  slow  course,  and 
provided  the  calves  are  removed  immediately  after  birth.  This  use  of 
Tuberculous  animals  has  been  made  in  Denmark  at  the  suggestion  of 
Prof.  Bang,  and  is  successful. 

Finally,  the  stable  has  been  thoroughlv  cleansed  and  sprayed  with 
disinfectants,  so  that  the  chances  of  further  infection  are  slight. 
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COOPERATIVE  EXPERIMENTS. 

This  Station  has  in  progress  at  the  present  time  cooj>erative  ex- 
periments with  the  U.  S.  Department  of  Agriculture  upon  the  follow- 
ing subjects: 

1st.  Cooperative  investigations  upon  cereals,  which  embrace  the 
improvement  of  the  quality  of  wheat,  barley  and  other  grains.  Pro- 
ducing varieties  better  adapted  to  the  region  and  otherwise  making 
them  more  valuable,  particularly  as  regards  the  time  of  maturing 
yielding  power,  disease  resisting  and  quality  of  the  grain. 

2.  Cooperative  gfrass  and  forage  plant  investigations,  which  has- 
particularly  in  hand  the  working  out  of  a  scheme  of  soiling  crops  which 
will  not  only  give  an  abundance  of  green  roughage  for  as  great  a  por- 
tion of  the  year  as  possible,  but  also  for  determining  the  best  means  of 
c-lways  having  available  a  combination  of  leguminous  and  graminac- 
eous crops. 

3.  Cooperative  investigations  upon  the  influence  of  the  origin  of 
clover  seed  on  the  yield  of  the  crop. 

4.  Cooperation  with  the  Division  of  Chemistry  in  testing  the 
effects  of  locality  upon  the  quality  of  wheat. 

5.  Cooperative  experiments  on  variety  and  culture  tests  of  sweet 
potatoes. 

6.  Cooperative  tests  of  different  varieties  of  foreign  apples  and 
peaches. 

7.  Cooperation  with  the  Division  of  Soils. 

8.  Cooperative  tests  upon  foreign  varieties  of  melons. 
Besides  the  cooperative  work  with  the  U.  S.  Dept.  of  Agriculture^ 

the  Station  has  in  progress  numerous  cooperative  experiments  with 
farmers  of  the  State,  the  principal  ones  of  which  are  as  follows : 

1.  Tests  at  several  points  in  everv  countv  of  the  State  in  growing 
alfalfa. 

2.  Work  in  the  improvement  of  corn,  as  to  quality  and  quantity^ 
by  selection. 

3.  Culture  tests  with  com. 

4.  Tests  in  spraying  for  control  of  insect  pests. 

5.  Tests  in  spraying  fruits  and- vegetables  for  the  control  of 
plant  diseases. 

6.  Tests  of  varieties  of  fruits  in  different  sections. 

PUBLICATIONS. 

During  the  past  year  the  following  bulletins  have  been  issued : 

Xo.  77. — The  Comparative  Digestibilitv  of  Raw,  Pasteurized  andl 
Cooked  Milk,  by  C.  F.  Doane  and  Thos.  M.  Price. 

No.  78. — The  Dehorning  of  Stock,  by  C.  F.  Doane. 

No.  79.— The  Disinfectant  Properties  of  Washing  Powders,  by 
C.  F.  Doane. 

No.  80. — Acute  Exizootic  Leucoencephalitis  in  Horses,  by  Dr_ 
S.  S.  Buckley. 
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No.  8i. — Soils  and  Fertilizers  for  Green-house  Crops,  by  H.  J. 
Patterson  and  Thos.  H.  White. 

No.  82.- — The  Thinning-  of  Fruit,  by  E.  P.  Sandsten. 

No.  83. — An  inquiry  as  to  the  Cause  of  Pithiness  in  Celery,  by 
E.  P.  Sandsten  and  Thos.  H.  White. 

No.  84. — Some  Experiments  in  Dairy  Feeding,  by  H.  J.  Patterson. 

MAILING  LIST. 

The  general  mailing  list  has  had  about  1,500  names  added  during- 
the  past  year,  and  the  horticultural  list  has  been  increased  by  about 
2,000  names.  These  additions  have  mostly  come  through  special  let- 
ters requesting  the  bulletins,  which  indicates  that  the  value  of  these 
bulletins  is  being-  recognized,  and  shows  an  increased  interest  in  the 
work  of  our  institution. 

VISITORS. 

The  number  of  farmers  who  come  to  the  Station  to  look  over 
the  -work  and  observe  the  results  of  experiments  is  constantly  increas- 
•ing.  There  arc  but  few  days  that  pass  without  someone  visiting  the 
institution,  either  for  the  purpose  of  seeing  the  work  as  a  whole,  or 
with  the  object  of  getting  information  on  some  special  subject.  This 
is  gratifying  to  all  concerned.  The  annua!  \  isit  of  the  farmers'  organi- 
zation is  constantly  increasing  in  popularitx',  as  is  evidenced  by  the 
numerous  inquiries  that  are  made  many  months  ahead  as  to  what  day 
will  be  named,  and  the  larger  numbers  wliicli  visit  us  on  these  days. 
This  year  there  was  over  three  hundred  present.  The  committee  of 
the  delegates  appointed  to  look  over  the  work  of  the  Station  and  make 
a  report  to  the  main  body,  reported  as  follows : 

To  the  Farmers  of  the  State : — 

At  a  meeting  of  the  delegates  sent  l)y  twenty-five  farmers'  organi- 
zations of  the  State  of  Alarvland,  held  at  Maryland  Agricultural"  Col- 
lege on  jSth  (la_\  of  Ma\ ,  i()()2,  the  following  gentlemen  were  nair.ed 
as  a  connnittee  of  investigation  for  the  enlightenment  of  the  farmers 
of  the  State : 

August  Stabler,  M.  D.,  Montgomery  County;  Joseph  T.  Hoopes, 
Harford  County;  M.  C.  Reeder,  Cecil  County;  Henry  Fuss,  Carroll 
County  ;  James  B.  Ensor,  Baltimore  Countv. 

After  a  tour  of  inspection  and  ample  opportunitv  for  investigation 
the  committee  met  and  adopted,  unanimously,  the  following  report : 

The  buildings  and  personnel  of  the  institutions  have  impressed  u.s 
most  favorably.  The  Experiment  Station  now.  as  in  the  past,  is  a 
great  and  ever  increasingly  valuable  source  of  new  and  practical  sug- 
gestions to  the  farmers  who  come  here,  or  who  read  the  bulletins  that 
are  sent  out  to  10,000  farmers  of  the  State.  The  work  is  admirably 
systematized  and  arranged,  and  we  hope  that  more  monev  will  be 
given  it  from  the  State  Treasury  in  the  future  than  in  the  past ;  for 


we  are  sure  that  it  will  not  be  misspent  by  the  faithful  men  in  charge 
of  these  most  valuable  lines  of  investigation.  An  enormous  corres- 
pondence is  carried  on  between  the  farmers  and  the  Station.  A  half 
of  every  day  is  given  by  the  Director  in  answering  letters.  It  would 
take  two  men's  time  constantly  occupied  to  answer  all  the  letters. 

We  note  that  there  is  still  much  land  on  the  Experiment  Station 
farm  that  is  badly  in  need  of  underdraining.  This  being  regarded  as  a 
permanent  improvement  cannot  be  done  with  the  U.  S.  fund,  and 
should  be  provided  for  by  the  State,  for  experiments  on  such  land  are 
of  little  value  till  it  is  drained.  (Signed  by  the  Committee.) 

STATION  STAFF. 

Since  making  the  last  report  there  has  been  no  changes  in  the 
Station  stafif,  except  that  two  vacancies  have  been  filled  by  the  appoint- 
ment of  F.  H.  Blodgett,  M.  S.,  as  Assistant  Plant  Pathologist,  and 
Ralph  Smith,  B.  S.,  Assistant  Entomologist.  These  men  are  chiefly 
concerned  with  the  work  of  the  State  Horticultural  Department. 

BUILDINGS. 

During  the  past  year  a  new  house  for  the  herdsman  and  quarters 
for  the  apprentices  have  been  built.  This  drew  pretty  heavily  upon  the 
Station  funds,  but  has  supplied  a  much-needed  addition. 

The  round  barn  is  now  undergoing  some  renovation  and  remod- 
elling in  order  to  make  better  facilities  for  handling  hay,  etc.,  and  also 
to  enlarge  the  storage  capacity,  as  last  year  the  barns  were  all  full, 
and  considerable  straw  and  fodder  had  to  be  stacked. 

All  the  buildings  need  painting,  and  some  other  repairs,  which 
it  is  hoped  may  be  thoroughly  done  during  the  next  fiscal  year. 

THE  FARM. 

The  work  on  the  farm  is  becoming  more  and  more  contributary 
to  the  experiments  in  progress.  The  yields  which  are  being  obtained 
from  those  parts  devoted  to  the  regular  rotation  are  quite  satisfactory, 
and  attract  much  attention  on  the  part  of  visitors.  Last  summer  a  very 
considerable  quantity  of  hay  was  made,  so  that  there  is  enough  left 
over  from  last  year's  crop  to  carry  the  present  stock  another  season, 
besides  selling  more  than  $100.00  worth.  The  present  season  has 
been  unusually  dry,  and  hay  crops  generally  will  be  very  short.  Even 
■with  this  condition  there  has  already  been  made  about  one  and  one- 
half  tons  per  acre  from  the  twenty-two  acres  set  to  orchard  grass  and 
clover  the  fall  of  1900. 

NEW  LEGISLATION. 

The  bill  passed  by  the  last  Legislature  in  the  interest  of  the  Col- 
lege and  Station  had  one  section  that  will  materially  benefit  the  Ex- 
periment Station,  and  enable  it  to  properly  care  for  the  building  and 
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broaden  its  sphere  of  usefulness.   The  section  reads  as  follows : 

"Section  5.  In  order  to  provide  for  the  maintenance,  repairs  and' 
insurance  of  the  buildings  of  the  Experiment  Station,  to  provide  for 
printing  of  the  bulletins  and  making  exhil:)its,  showing  the  results  of 
the  !work ;  also  to  provide  for  investigations  on  the  tobacco  crop,  in 
meat  production,  and  irrigation,  an  annual  appropriation  of  five  thous- 
and dollars  ($5,000.00)  is  hereby  provided  for  and  made." 

This  fund  will  become  available  for  the  first  time  October  ist,  1902. 

STATION  LIBRARY. 

It  would  seem  wise  at  this  time  to  call  special  attention  to  the 
Station  Library,  its  present  condition  and  future  needs. 

The  Station  Library  is  partially  located  in  the  main  Station  build- 
ing, while  other  parts  are  scattered  in  the  private  offices  of  the  heads 
of  the  several  divisions.  In  all  cases,  the  Library  is  in  crowded  quar- 
ters, which  do  not  admit  of  much  expansion  and  growth.  This  condi- 
tion also  makes  many  of  the  books  not  as  accessible  to  all  the  workers- 
as  is  desirable,  particularly  so  with-  that  class  of  books  and  periodicals 
which  treat  of  many  subjects.  To  make  this  condition  still  more  seri- 
ous none  of  the  Library  is  catalogued,  so  that  much  of  the  information 
which  should  be  easily  accessible  in  the  liljrary  of  an  institution  of  this 
character,  it  takes  often  a  considerable  time  to  find  just  wliat  is  wanted, 
and,  no  doubt,  often  overlooked  entirely. 

At  present  the  Library  is  looked  after  by  the  Clerk  at  such  times 
as  he  is  not  engaged  upon  the  other  special  duties  for  which  he  is  em- 
ployed. This  is  also  not  as  it  should  be,  for  a  library  to  be  in  proper 
shape  needs  someone  with  sjiecial  training  and  library  proclivities  to 
look  after  it  constantly,  so  that  that  which  is  already  on  hand  may  be 
in  the  best  of  shape  for  ready  reference,  and  also  that  the  librar}-  nay 
be  kept  up-to-date  with  the  new  books,  pamphlets,  etc.,  which  are  con- 
stantly appearing.  Especially  to  keep  track  of  and  prociu-e  those  is- 
sued by  the  U.  S.  Department,  State  and  many  foreign  countries, 
which  can  be  had  for  the  asking. 

The  College  Library  is  in  about  the  same  chaotic  condition  as  tlie 
Station  Library.  1  his  being  the  case,  and  the  "-reat  importance  which 
a  library  is  to  the  College  for  educational  purposes,  and  to  the  Station 
as  an  investigation  facility,  it  would  seem  verv  desirable  that  some  pro- 
vision be  made  for  a  good,  commodious  and  well-arranged  building 
conveniently  located  for  the  accommodation  of  the  Station  and  College 
Libraries,  and  that  a  well-trained  librarian  be  employed,  so  that  the 
material  on  hand  be  well  classified,  indexed  and  catalogued,  and  so  that 
it  will  be  someone's  business  to  look  after  keeping  the  library  togetlier 
and  in  proper  shape,  and  make  it  a  point  of  keeping  the  library  in  all 
of  its  divisions  up-to-date. 

It  would  be  a  verv  fitting,  as  well  as  a  lasting,  monument  for  some 
of  the  men  of  this  State  who  have  made  fortunes  directly  from  the  im- 
mense a'.^riciiltural  resources  of  this  country  to  provide  and  endow  a 
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library  which  would  be  used  exclusively  for  the  furtherance  of  agricul- 
tural education  and  development. 

AGRICULTURAL  MUSEUM  AND  EXHIBITS. 

The  necessity  for  a  well-equipped  museum  representing  the  agri- 
cultural capabihties  of  this  State  is  brought  to  our  attention  by  the 
great  national  exhibitions  which  are  being  frequently  held,  at  which 
the  resources  of  the  several  States  and  countries  are  bemg  exhibited  to 
the  world.  Maryland  is  relatively  not  behind  the  foremost  of  her  sister 
States  in  agicultural  production,  and  in  some  things  she  need  bow  her 
head  to  none,  and  yet  she  has  not  at  hand  an  exhibit  for  use  on  such 
occasions  worthy  of  her  position  and  resources  as  a  producing  State. 
It  is  manifestly  impossible  to  prepare  a  good  representative  exhibit  in  a 
single  year.  Even  the  collecting  of  an  ordinary  exhibit  in  a  short 
space  of  time  means  that  a  considerable  amount  of  money  must  be  pro- 
vided, and  an  extra  amount  of  energy  appUed.  The  appropriation 
granted  this  Station  by  the  last  Legislature  permits  of  the  expenditure 
of  some  money  for  making  exhibits  showing  the  results  of  the  Station 
work  at  the  county  fairs.  These  exhibits,  so  far  as  possible,  will  be 
made  of  a  permanent  character.  If,  however,  this  Station  exhibit  could 
be  supplemented  annually  by  a  moderate  sum  of  money  for  the  fur- 
therance of  an  agricultural  museum,  very  soon  the  State  would  have 
an  exhibit  of  which  she  would  not  need  to  be  ashamed. 

A  modern  museum  in  agriculture  should  not  be  a  place  for  the 
mere  piling  up  of  material  in  order  to  fill  space  or  exhibiting  products 
calculated  only  to  excite  wonder.  It  should  be  educational  in  its  pur- 
pose rather  than  spectacular.  To  multiply  bushels  of  grain  or  tons 
of  vegetables,  or  the  arranging  of  sheaves  of  wheat  in  fantastic  form 
has  little  educational  value.  Baltimore  or  Washington  city  markets 
wnl  show  all  of  this  any  day  in  the  year. 

The  full  aim  in  preparing  the  Station  exhibits  for  the  county  fairs 
will  be  to  make  them  of  an  educational  character,  and  while  in  the 
main  they  will  show  the  results  of  experiments  they  will  be  supple- 
mentary to  as  great  an  extent  as  possible  towards  the  dissemination  of 
the  advanced  scientific  knowledge  of  agriculture,  and  exhibit  the  re- 
sults of  the  application  of  this  knowledge  in  producing  crops. 

For  instance,  in  making  an  exhibit  of  corn  the  fundamental  prin- 
ciples surrounding  that  plant  should  be  brought  out,  and  all  that  is 
known  about  it.  The  exhibit  should  show  the  plant  in  all  its  stages  of 
growth.  The  grain,  the  flower,  the  roots,  the  products  made  from  it 
as  they  are  put  on  the  market  and  used ;  the  chemical  constitution  as 
it  relates  to  its  food  value.  The  soil  as  it  is  adapted  to  its  culture,  and 
the  effects  of  phvsical  and  chemical  characteristics  of  the  soil  as  they 
relate  to  the  growth  and  constitution  of  corn.  The  fungous  diseases 
that  affect  the  crop,  and  the  insects  which  attack  it  should  be  shown. 
Fertilizers  that  are  adapted  to  the  growth  of  the  crop  and  the  effects 
o^  temperature,  rain-fall,  sunshine,  humidity  and  any  other  facts  which 
have  an  influence  upon  the  production  of  the  crop  will  be  brouHit  out. 
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Methods  of  improvement  by  breeding  and  selection  will  be  dwelt  upon. 

Such  an  exhibit  will  become  a  study,  and  will  be  worth  the  time 
and  attention  of  any  man,  woman  or  child  interested  in  knowing  the 
test  way  to  cultivate  or  manufacture  this  cereal. 

The  idea  expressed  in  the  above  may  be  developed  indefinitely, 
and  carried  through  with  a  variety  of  products,  and  if  properly  pre- 
pared, arranged  and  explained  will  be  worth  more  to  the  farming  public 
than  all  of  the  big  pumpkins  and  loads  of  products  usually  heaped  upon 
the  tables  at  the  county  agricultural  fairs. 

The  plan  will  be  to  have  the  Station  exhibits  placed  in  portable 
cases  so  that  they  can  be  preserved  from  year  to  year,  and  serve  to 
interest  and  instruct  agricultural  people  for  a  generation  to  come,  and 
always  be  available  for  shipment  to  any  part  of  the  county  where  its 
presence  is  desired. 

The  suggestions  given  for  plans  for  the  Station  exhibits  could  be 
elaborated,  if  means  were  available,  to  ultimately  make  a  fine  and  rep- 
resentative exhibit  for  the  State,  which  could  be  used  whenever  and 
wherever  the  State  desires  to  make  an  exhibit  at  some  of  the  great 
national  fairs  to  which  she  is  constantly  receiving  invitations  to  par- 
ticipate. Such  a  plan  would  be  much  more  economical  than  those 
commonly  in  vogue,  and  give  the  State  a  creditable  exhibit,  which 
would  not  only  be  always  available,  but  could,  also,  with  a  small  cost 
for  a  permanent  home  at  the  College,  be  a  perpetual  source  of  educa- 
tion to  the  youth  of  the  State,  and  to  the  many  thousands  of  people 
who  visit  the  Experiment  Station. 

Again,  the  adoption  of  this  plan  by  the  State  would  be  the  first 
step  toward  the  renovation  and  reorganization  of  the  so-called  State 
■agricultural  fair,  and  enable  this  organization  to  divorce  itself  from 
the  trotting  associations,  and  put  forth  its  full  energies  for  the  devel- 
opment of  the  agricultural  resources  of  the  State. 

An  ideal  State  agicultural  fair  association  should  be  centrally  lo- 
cated and  have  a  permanent  home.  The  exhibits  should  be  purely  of 
an  agricultural  and  educational  value. 

In  addition  to  the  general  exhibits  the  difYerent  countries  should 
have  county  buildings  and  county  exhibits,  and  compete  for  county 
prizes.  The  judging  should  be  done  in  the  arena  and  in  public,  so  that 
those  interested  could  be  instructed  as  to  the  points  of  excellence,  and 
thus  be  made  as  instructive  as  possible.  In  addition  to  the  fair  and  its 
exhibits  there  should  be  an  aim  to  have  all  the  breeding,  horticultural 
and  other  associations  have  meetings  during  the  fair,  and  there  should 
be  held  at  this  time  a  special  farmers'  institute,  where  it  could  be  pos- 
sible to  give  lectures  of  a  character  and  given  by  people  whom  it  would 
he  impossible  to  take  over  the  State  in  the  regular  system. 

Such  a  State  fair  could  be  productive  of  an  immense  amount  of 
^ood,  and  would  bring  about  a  great  agricultural  awakening  in  Mary- 
land, and  it  would  not  necessarily  interfere  with  the  present  county 
agricultural  associations,  but  in  some  cases  would  allow  them  to  con- 
centrate their  efTorts  upon  what  is  now  the  strongest  feature,  and  also 
make  them  in  a  measure  serve  as  a  preparing  ground  for  the  State  fair. 
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WEATHER  REPORT. 

The  weather  for  the  growing  season  of  1901  was  excessively  wet, 
whicli  made  much  of  the  work  to  be  done  with  difficulty.  Haying  was 
attended  by  many  interruptions,  and  the  quality  of  much  of  the  hay 
injured  by  rain,  and  some  got  more  mature  than  is  desirable.  Corn 
was  not  properly  cultivated,  as  land,  in  some  instances,  was  too  wet . 
The  late  potato  crop  was  in  some  spots  entirely  drowned  out,  r.nd 
others  considerably  reduced.  This  dry  growing  season  was  follov.ed 
by  a  dry  fall  and  early  winter,  which  prevented  the  fall  seeded  grain 
from  coming  up  well,  or  getting  a  proper  start.  This  condition  was 
followed  bv  the  hardest  and  most  unfavorable  winter  for  crops  since 
the  organization  of  the  Experiment  Station,  in  1888.  The  following  is 
the  meteorological  summary: 

METEOROLOGICAL  SUMMARY  FOR  1901. 
Temperatures  in  Degrees. 
(FAHRENHEIT). 


January.. . 
FeVjruai-y . 

March  

April.      . . 


Api 
Ma^ 


June  . . 
July.  . 

An«-ust. 


November. 
December. 


1.75 
.90 
3.53 
6.40 
4.17 
0.72 

4. '<)■.', 
3.(59 
1.47 
2.78 
6.70 


Temperatures— Mean. 


31.8 
27.9 
44.1 
50.0 

65.2 
56.8 
39.1 
31.1 


40.7 
38.7 
56.0 
59.6 
76 . 1 
^^4.7 


76.2 
72.0 
50.9 
41  .0 


23.2 
17'l 
32.3 
40.4 
49.2 
56.2 
67.1 
63.8 
54.2 
41.9 
27.3 
21.2 


Extreme 
Maximum. 


Record  and 
Date. 


17.5  64.  9th  and  16th. 

2l.(;r,7,  Kith 

2:!.:  7(1,  l!irh 

l!».2H4,  otltll 

2(i.9H5,  24th 

28.599,  30tli 
23.6!l02,  1st 

21  .7  97.  8th 

2'Mi!i(i.  l.-.th 

1  s;i.  2:!r(l 


I  St 

2iul 


Extreme 
Minimum. 


Record  and 
Date. 


0,  31st 

7,  1st  and  24tb 
6,  6th 
31,  27th 

36,  13th 
47,  8th 
61,  10th 
55,  31st 

37,  26th 

25,  25th  and  26tli 
14,  20th 
2,  22nd 


Yearly. 


102,  July  Ist 


0,  January  31st. 
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FINANCIAL  SUPPORT. 

The  financial  support  of  the  Station  is  derived  entirely  from  the 
United  States  Hatch  fund,  and  the  small  amount  which  comes  from 
the  sale  of  farm  products.  The  State  of  Maryland  has  contributed 
nothing  toward  the  support  of  the  Experiment  Station,  and  whatever 
of  value  the  farmers  of  the  State  have  received  from  the  Station  has 
come  to  them  without  any  cost  to  themselves  or  to  the  State. 

The  Lei;i.slaturc  which  met  the  past  winter  has  supplemented  the 
Station  income  by  making  provisions  for  an  annual  appropriation  of 
five  thousand  dollars.  This  will  l)ecome  available  for  the  first  time  Oc- 
tober 1st,  1902.    For  exact  wording  of  law  see  page  xii. 

The  Treasurer's  Report  for  the  fiscal  year  ending  June  30th,  1902, 
is  as  follows : 

Maryland  Agricultural  Exi)eriment  Station  in  Account  With  the 
United  States  Appro])riation. 

1902.  DR. 

June  30 — To  Receipts  from  the  Treasurer  of  the  United 
States  as  ])er  aiipri^j^riation  for  the  fiscal  year 
ended  June  30,  ujOJ,  as  ])er  .\ct  of  C'ongres.s 
Approved  March  2,  1887   $15,000.00 

1902.  CR. 

June  30 — By  Salaries   

"  Labor   

"  Publications   

"  Postage  and  Stationery   

"  Freight  and  I'lxpress   

"  Heat,  Light  an(]  AVater  

"  Chemical  Su])plics   

"  Seeds,  I'lanls  and  Sundry  Supplies 

"  Fertilizers   '  

"  Feeding  Stuffs   

"  Li1)rary   

"  Tools,  Implements  and  Machinery 

"  Furniture  and  Fixtures   

"  Scientific  Apparatus   

"  Live  Stock   

"  Traveling  Expenses   

"  Contingent  Expenses   

"  Buildings  and  Repairs  

$1 5,000  00 


8,025.64 
2.690.52 
671.85 
105-30 

ICO.O-O 

341-70 

206.89 
468.03 
100.8^ 

241.68 

35<'^-93 
505  80 
191 .08 
07.40 
64-93 
64.42 
1 5.00 
750.00 


The  above  is  a  true  copy.  (Signed)  JOS.  R.  OWENS. 

Treasurer  Maryland  Agricultural  Expt.  Station. 
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Maryland  Agricultural  Experiment  Station  in  Account  With  the 
Station  Farm. 

DR. 

1902. 

June  30 — To  receipts  from  other  sources  than  the  United 
States  during  the  fiscal  year  ended  June  30, 


1902,  viz: 

To  Cash  Balance  July  ist,  1901   $  723.34 

To  Cash  from  Farm  Sales   4,808.89 


$5-532.23 

CR. 

1902. 

June  30 — By  Labor    1,782.99 

"    Freight  and  Express    382,26 

"    Seeds,  Plants   452.00 

"    Fertilizers    128.00 

"    Feeding  Stuffs    1,400.00 

"    Tools,  Implements  and  Machinery   500.00 

"    Contingent  Expenses    123.47 

"    Buildings  and  Repairs   743-11 

"    Balance    20.40 


$5,532.23 

The  above  is  a  true  copy.  (-Signed)  JOS.  R.  OWENS, 


Treasurer  Maryland  Agricultural  Expt.  Station. 
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THE  COMPARATIVE  DIGESTIBILITY  OF  RAW,  PASTEURIZED 
AND  COOKED  MILK. 


By  C.  F.  Doane  and  T.  M.  Price. 


INTRODUCTION. 


The  authors  are  equally  responsible  for  the  general  plan  of  the 
experiments  given  in  this  bulletin  and  both  had  an  equal  part  in  look- 
ing after  the  details  of  the  work  and  the  designing  and  necessary 
trials  of  the  apparatus  used  in  what  is  practically  a  new  line  of  work 
for  experimenters  in  this  country.  In  all  of  the  planning,  however, 
we  had  the  benefit  of  the  advice  of  Director  H.  J.  Patterson,  whose 
experience  in  digestive  work  proved  invaluable  in  this  work,  and 
whose  judgment  was  constantly  consulted.  The  dairyman  had  direct 
oversight  of  the  feeding  and  cooking  and  the  bacteriological  work 
which  needed  to  be  done  in  connection  with  the  pasteurizing.  The  as- 
sistant chemist  did  all  the  chemical  work  and  made  the  necessary  cal- 
culations for  the  tables  included  in  this  bulletin. 

These  experiments  were  planned  for  the  purpose  of  determining 
as  nearly  as  possible  with  the  material  at  hand,  the  comparative  digesti- 
bility of  raw,  pasteurized  and  cooked  or  what  is  sometimes  wrongly 
called  sterilized  milk.  When  the  germ  theory  of  disease  had  become 
almost  universally  accepted,  and  the  science  of  bacteriology  had  come 
to  aid  in  the  investigation  of  the  cause  of  many  of  the  diseases  to  which 
the  human  family  is  heir,  it  was  universally  recognized  how  easily  many 
of  them  could  be  transmitted  through  the  milk  to  the  human  subject. 
Tuberculosis  in  its  relation  to  milk  received  more  attention  at  first 
than  any  of  the  other  diseases,  as  both  the  cow  and  the  human  family 
were  afflicted  with  this  disease,  and  it  was  supposed  to  be  identical  in 
both  subjects.  Tuberculis  germs  were  found  in  the  milk  coming 
from  the  cow's  udder,  and  in  this  way  might  enter  the  human 
system.  The  properties  of  cow's  milk  were  studied  and  it 
was  found  to  be  an  excellent  food  for  bacteria,  and  also 
furnished  a  medium  where  bacteria  being  once  introduced 
could  multiply  very  rapidly.  This  was  seen  to  be  an  easy 
way  for  the  spread  of  contagious  diseases  caused  by  bacteria,  as  a  sin- 
gle case  of  disease  in  the  family  of  the  farmer  supplying  milk  for  the 
city  consumption  could  easily  be  carried  to  every  customer  using  this 
milk.  In  many  cases  the  supply  of  milk  from  a  number  of  sources 
is  mixed  together  to  insure  an  even  quality.   If  there  is  one  lot  of  con- 
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taminated  milk  among  the  lots  mixed  together  the  whole  mass  is  con- 
taminated. The  seeds  of  the  disease  can  be  distributed  in  this  way  to 
dozens  of  families  dependent  upon  the  country  supply  of  milk.  There 
have  been  numerous  instances  of  such  cases,  and  some  of  the  worst  ty- 
phoid epidemics  recorded  have  been  traced  to  the  home  of  some  farmer 
producing  milk  for  the  city  consumption  where  a  member  of  the  family 
was  suffering  with  this  disease,  the  typhoid  germs  finding  their  way 
into  the  milk,  usually  through  the  water  used  in  washing  the  cans. 
The  milk  supply,  even  now,  when  so  much  is  known  in  regard  to  the 
methods  of  supplying  a  good  product,  is  one  of  the  most  fertile  causes 
of  disease ;  and  when  a  local  epidemic  of  typhoid  fever  is  found  in  a 
city  where  the  water  supply  comes  from  a  common  source,  the  milk 
used  by  those  suffering  with  the  disease  is  the  first  thing  investigated. 

As  the  study  of  bacteriological  questions  progressed  it  was  found 
that  the  milk  fresh  from  the  udder  of  a  healthy  cow  was  practically 
free  from  germs,  either  harmless  or  harmful.  A  study  of  the  milk  de- 
livered to  the  city  trade  showed  it  to  have  from  a  few  thousand  bac- 
teria to  the  cubic  centimeter  in  a  few  cases,  to  several  million  germs  to 
the  cubic  centimeter  in  the  majorit}'  of  cases.  Milk  fresh  from  the 
udder  af  the  cow  is  recognized  to  be  the  very  best,  especially  for  in- 
fants. But  milk  cannot  be  delivered  fresh  in  cities,  as  after  or  during 
the  milking  it  is  utterly  impossible  to  exclude  all  bacteria  from  the 
buckets  or  cans,  and  these  bacteria,  which  find  their  way  into  the  milk, 
multiply  very  rapidly  under  the  ordinary  conditions  The  greater  num- 
ber of  these  germs  are  entirely  harmless,  but  a  few  which  are  always 
present  in  milk  are  now  universially  regarded  as  aggravating  causes  of 
summer  complaint  in  infants  and  they  cause  a  great  amount  of  sick- 
ness and  a  large  number  of  deaths  among  the  children  of  the  hot  ten- 
ement districts.  It  is  likely,  also,  that  such  germs  lead  to  considerable 
sickness  among  children  more  favorably  located. 

Considering  the  frequency  of  the  contamination  of  milk,  it  became 
a  question  among  physicians  how  all  disease  germs  in  the  milk  could 
be  killed,  and  a  majority  of  the  other  germs  either  killed  or  excluded. 
No  harmless  chemicals  had  been  or  have  been  discovered  which  will 
effectually  sterilize  or  preserve  milk  by  killing  germs  present  or  pre- 
venting their  rapid  increase  in  numbers.  It  was  found  that  this  end 
could  be  attained  by  heating,  and  the  natural  result  followed,  that  heat 
was  employed,  usually  at  the  boiling  point.  So  great  was  the  need  of 
some  remedy  that  this  plan  spread  rapidly  and  was  adopted  by  many 
of  the  leading  authorities  on  diatetics.  The  usual  plan  advised,  was  to 
put  the  milk  in  bottles,  plug  the  necks  with  cotton,  and  then  put  the 
bottles  in  boiHng  water  for  from  fifteen  minutes  to  one-half  hour.  The 
size  of  the  bottle  was  such  as  to  hold  enough  milk  for  one  feeding  of 
the  child.  It  is  questionable  if  the  rapidity  of  the  adoption  of  the  use 
of  milk  thus  treated 'was  not  a  little  abnormal,  for  it  seems  that  it  was 
adopted  without  much  thought  as  to  the  possible  evil  consequences 
this  treatment  might  have,  for  even  at  that  time  cooking  milk  was 
known  to  change  to  some  extent  its  physical  properties.  Many  who 
used  this  boiled  or  cooked  milk  did  not  know  how  to  regulate  the 
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heating,  and  seemed  to  have  ill-defined  ideas  as  to  the  methods  of 
carrying  out  the  process.  In  some  instances  the  milk  was  not  heated 
sufficiently  to  affect  the  contained  bacteria  and  when  this  was  kept  for 
any  length  of  time  it  became  unfit  for  use  unknown  to  the  user.  In 
other  cases  the  milk  was  heated  every  time  before  using,  yet  there  were 
some  people  who  supposed  that  milk  once  heated  would  keep  indefi- 
nitely. All  this  confusion  led  to  a  large  number  of  bad  results.  Scurvy, 
rickets  and  indigestion  occurred  and  so  pronounced  were  the  evil  ef- 
fects in  some  cases  that  almost  a  complete  reaction  followed  in  the  use 
of  milk  thus  treated.  Now  very  little  cooked  milk  is  used  in  any  place. 
Physicians  had  so  much  trouble  with  it  that  they  are  very  careful  in 
its  use,  though  a  number  believe  that  some  children  cannot  only  drink 
it  without  suffering  any  evil  in  consequence,  but  are  actually  bene- 
fited by  its  use. 

Though  physicians  found  that  boiled  milk  gave  rise  to  more 
trouble  than  the  milk  which  had  not  been  subjected  to  this  high  tem- 
perature, they  still  recognized  the  fact  that  milk  sometimes  con- 
tained disease  germs,  and  always  contained  germs  which  in- 
creased summer  complaint  in  infants.  Tliey  were  consequent- 
ly constantly  searching  for  something  which  would  kill  these 
germs  ahd  not  injure  the  inilk  in  other  ways.  There  are 
many  who  believe  that  pasteurizing  practically  fulfills  these  con- 
ditions. Pasteurizing  is  a  process  in  which  the  milk  or  other  liquid 
to  be  treated  is  heated  to  a  certain  temperature  below  boiling  for  a  cer- 
tain period  of  time.  The  limits  of  the  temperature  and  time  is  regula- 
ted by  the  minimum  amount  of  heat  required  to  kill  the  germ  caus- 
ing consumption  on  the  one  hand  and  the  amount  required  to  give 
milk  a  cooked  taste  on  the  other.  Milk  can  be  heated  to  140  degrees 
F.  for  thirty  minutes,  150  degrees  F.  for  fifteen  minutes,  167  degrees 
F.  for  ten  minutes  or  182  degrees  F.  for  from  two  to  four  minutes  with- 
out giving  it  a  permanent  decidedly  cooked  taste,  and  at  these  tem- 
peratures for  the  periods  of  time  given  all  tuberculous  germs  are 
killed.  The  heat  used  in  pasteurizing  does  not  kill  all  the  germs  in 
the  milk,  but  it  materially  reduces  the  number,  and  milk  so  treated 
will  keep  enough  longer  than  raw  milk  to  insure  its  reaching  the  con- 
sumer in  a  healthy  condition,  as  far  as  the  bacteria  are  concerned. 
While  heat  has  been  employed  in  this  process  the  milk  does  not  have 
some  of  the  physical  characteristics  of  the  boiled  milk.  Pasteurized 
milk  is  advocated  by  many  physicians  for  use  by  children,  and  it  is  in 
almost  universal  use  in  some  of  the  children's  hospitals.  lit  is  also 
condemned  by  many  physicians,  and  the  objections  offered  against  its 
use  are  much  the  same  as  those  urged  against  the  use  of  boiled  or 
cooked  milk.  They  say  that  infants  fed  on  pasteurized  milk  do  not 
thrive  as  well  as  those  fed  on  raw  milk,  and  the  somewhat  natural  con- 
clusion was  reached  that  the  reason  for  this  was  because  it  was  not  as 
digestible  as  the  raw  milk.  This,  perhaps,  is  the  most  serious,  if  not 
the  only  reason  advanced. 

The  claim  that  pasteurized  or  sterilized  milk  was  not  as  digesti- 
ble as  raw  milk  must  be  admitted  to  have  been  founded  largely  on 
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prejudice  or  unsystematic  observation,  as  there  have  been  but  very  few 
experiments  made  to  determine  the  comparative  digestibility  of  raw  and 
pasteurized  milk,  either  with  artificial  or  animal  digestion.  Raw  milk  is 
and  always  has  been,  the  natural  food  of  the  mammalian  young,  but 
while  this  is  good  evidence  in  favor  of  the  wholesomeness  of  raw  milk, 
it  is  no  proof  that  it  is  better  for  the  young  than  pasteurized  or  boiled 
milk  would  be.  The  natural  food  of  the  young  is  the  milk  fresh  from 
the  breast  of  the  mother,  but  the  milk  upon  which  the  young  children 
in  cities  are  forced  to  subsist  is  far  on  the  road  to  decomposition  and 
has  much  in  it,  especially  bacteria,  which  the  fresh  product  does  not 
have.  The  question  confronting  the  physician  of  today  is,  even  admit- 
ting that  pasteurizing  or  boiling  gives  the  milk  undesirable  qualities 
which  have  an  evil  effect  on  the  consumer,  does  not  the  pasteurizing 
or  the  boiling  have  good  results  which  more  than  compensate  for  the 
evil?  To  actually  study  the  effect  of  pasteurizing  or  boiling  on  the  di- 
gestibility of  milk  it  is  necessary  to  carry  out  some  set  plan  of  exper-  ^. 
iments,  where  the  composition,  both  of  the  original  product  and  the 
resulting  product  can  actually  be  determined.  This  in  a  measure  can 
be  done  by  employing  artificial  means.  When  considering  the  adapt- 
ability of  milk  to  the  nourishment  of  animals,  especially  infants,  the 
best  plan  would  obviously  be  to  feed  a  known  quantity  to  the  infant 
and  collect  and  analyze  the  faeces.  Unfortunately  those  who  are  in  a 
position  where  the  subjects  for  such  an  experiment  would  be  available, 
either  do  not  have  the  time  or  the  apparatus  for  the  necessary  analyti- 
cal work  required.  Next  to  the  infant,  the  most  satisfactory  subject 
for  such  an  experiment  would  be  some  young  animal  which  would  be 
sensitive  to  any  change  in  its  food  supply.  While  workers  in  exper- 
iment stations  are  not  in  a  position  to  avail  themselves  of  infants  for 
such  work,  a  choice  of  animals  can  be  had. 

A  number  of  very  prominent  pediatrists  and  other  scientists  in- 
terested in  dairy  matters  have  recognized  the  importance  of  exact 
knowledge  of  the  digestibility  of  milk  under  varying  conditions  and  a 
few  have  tried  in  a  limited  degree,  to  investigate  the  question  and 
supply  the  need.  The  work  which  has  actually  been  done  can  be 
classified  under  three  heads,  that  done  with  artificial  ferments,  exper- 
iments with  animals  and  experiments  carried  out  in  two  instances  only 
with  children.  Part  of  the  work,  perhaps  the  greater  part  has  been 
done  in  Europe,  especially  in  France  and  Germany,  but  the  most  im- 
portant experiment  of  all  with  children  was  carried  out  with  infants  in 
a  New  York  hospital.  The  proximity  of  this  Station  to  the  Depart- 
ment of  Agriculture  at  Washington  made  it  possible  for  us  to  use  the 
extensive  library  located  there  and  as  it  contains  all  foreign  publica- 
tions we  had  access  to  all  literature  concerning  the  question  upon 
which  we  were  worJ<ing.  We  found  that  while  there  has  been  consider- 
ble  written  on  the  question  and  published  in  French  and  German  jour- 
nals, most  of  the  literature  was  based  upon  a  comparatively  few  experi- 
ments which  have  been  discussed  by  different  writers  from  a  number 
of  standpoints  in  a  number  of  distinct  articles.  The  experiments  on 
which  these  articles  were  based  were  carried  out  before  the  pasteuriz- 
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ation  of  milk  became  universal  and  they  compare  mostly  the  digesti- 
bility of  raw  with  boiled  or  sterilized  milk. 

De  Jagers,  (Diet,  and  Hyg.  Gaz.,  A^ol.  12.,  1896,  pp  281,)  com- 
pared the  digestibility  of  raw  with  cooked  milk,  using  pepsin  and  lac- 
tic acid  in  his  work.  He  came  to  the  conclusion  that  the  raw  milk  was 
the  more  easily  digested. 

Jemma,  (Hyg.  Gaz.  Vol.  16,  1900,  No.  2,  pp  83,)  employed  artifi- 
cial digestion  in  comparing  the  digestibility  of  raw  with  sterilized  milk. 
He  made  a  number  of  experiments  and  concluded  at  the  end  that  ster- 
ilizing did  not  impair  the  digestibility  of  the  milk. 

EXPERIMENTS  IN  ARTIFICIAL  DIGESTION. 

Michael,  (Hyg.  Rund,  1899,)  conducted  a  number  of  experi- 
ments in  artificial  digestion  using  in  one  case  pepsin  in  hydrochloric 
acid.  When  allowed  to  digest  for  eight  hours  a  leiter  of  raw  milk  had 
18.75  grams  of  peptone,  while  a  leiter  of  sterilized  milk  had  but 
17.53  grams  of  peptone  after  the  same  period  of  time.  In  another  case 
he  used  pancreatin  in  neutral  solution.  At  the  end  of  five  hours  the  raw 
milk  had  21.76  grams  of  peptone  and  the  sterilized  milk  24.64  grams, 
which  leaves  a  wide  margin  in  favor  of  the  sterilized  milk  In  still  an- 
other trial  where  the  casein  of  the  milk  was  first  precipitated  by  rennet 
the  raw  milk  digested  quicker  than  the  sterilized.  While  Michael 
found  that  with  the  use  of  pepsin  in  hydrochloric  acid  raw  milk  showed 
a  greater  per  cent  of  protein  digested  after  a  number  of  hours,  the 
sterilized  milk  showed  a  greater  per  cent,  digested  for  the  first  three 
hours.  At  the  end  of  this  short  period  of  time  raw  milk  showed  but 
9.59  grams  of  peptone  to  the  leiter  while  sterilized  milk  showed  11.32 
grams.  The  final  conclusion  is  that  sterilization  does  not  lessen  the  di- 
gestibility of  milk. 

Fleischmann  compared  the  digestibility  of  raw  milk  with  milk 
sterilized  at  a  pressure  of  from  two  to  three  atmospheres.  He  took 
10  cc  of  milk  to  be  digested  and  locc  of  ten  per  cent  solution  of 
pepsin  and  .2  cc  of  a  twenty  per  cent  solution  of  hydrochloric  acid,  al- 
lowing the  digesting  to  continue  for  five  and  one-half  hours.  In  a 
series  of  experiments  he  came  to  the  conclusion  that  sterilized  milk  is 
more  easily  acted  upon  by  digestive  ferments  than  raw  milk. 

From  the  work  done  in  artificial  digestion  there  seems  to  be  a 
wide  diversity  of  opinons  drawn  from  what  is  really  widely  different 
results.  To  sum  up  the  conclusion  briefly,  one,  De  Jagers,  came  to- 
the  conclusion  that  boiling  or  sterilizing  milk  made  it  less  digestible. 
Jemma  and  Michael  agreed  in  the  opinion  that  sterilizing  did  not  im- 
pair the  digestilnlity  of  milk,  and  one,  Fleischmann,  who  stands  at 
the  very  head  of  scientific  dairymen,  emphatically  stated  that  steril- 
izing made  milk  more  easily  digested.  A  review  of  the  work  done  by 
Michael  leaves  one  witli'  the  inijiression  that  he  was  too  conservative 
in  his  conclusions  as  his  results  given  in  figures  showing  the  .amount 
of  milk  digested  in  tlic  given  times  seem  to  lean  a  little  in  favor  of  the 
sterilized  milk.   This  leaves  the  decision  decidedly  in  favor  of  the  ster- 
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ilized  milk,  but  as  was  stated  before  while  results  obtained  by  artificial 
digestion  are  valuable  they  are  not  positive  proof  of  what  would  be 
the  results  if  the  same  feed  was  given  to  animals  or  children. 

EXPERIMENTS  WITH  ANIMALS. 

In  addition  to  the  work  done  in  artificial  digestion  we  have  the 
record  of  two  separate  experiments  with  feeding  either  pasteurized  or 
sterilized  milk  to  animals  in  comparison  with  raw  milk.  H.  H.  Dean, 
(Ontaro  Agr.  Col.  and  Expt.  Farm  Report,  1898,  pp  166,)  reports  an 
experiment  in  which  raw  milk  and  pasteurized  milk  was  fed  to  four 
calves  to  compare  the  feeding  value.  No  chemical  analysis  was  made 
either  of  the  milk  or  the  faeces  to  determine  the  actual  digestibility  of 
either  of  the  lots  of  milk  fed.  The  calves  were  weighed  at  the  begin- 
ning and  at  the  end  of  the  experiments  to  determine  the  relative  gain. 
This  is  the  method  usually  pursued  to  determine  the  comparative  feed- 
ing value  of  different  lots  of  feed  and  the  results  thus  obtained  are  ac- 
cepted in  many  cases  as  conclusive.  The  tests  made  by  Dean  covered 
two  periods  of  four  weeks  each,  previous  to  which  the  calves  used 
in  the  experiment  were  fed  a  preliminary  period  of  one  week.  In  the 
first  period  two  of  the  calves  received  raw  milk  with  grain  and  hay, 
and  the  other  two  calves  received  pasteurized  milk  with  the  same  quan- 
tities of  grain  and  hay.  In  the  second  period  the  two  calves  receiving 
raw  milk  in  the  first  were  fed  pasteurized  milk,  and  the  other  two  re- 
ceived raw  milk.  Three  of  the  calves  used  made  the  heaviest  gains 
while  receiving  pasteurized  milk.  A  further  test  was  made  in  which 
-eight  calves  were  used,  four  in  each  lot.  In  this  experiment  the  four 
calves  receiving  pasteurized  milk  made  a  gain  of  no  pounds,  while  the 
four  receiving  raw  milk  gained  105  pounds,  five  pounds  in  fav,or  of 
the  pasteurized  milk. 

The  other  experiment  carried  out  with  animals  was  with  dogs, 
the  work  being  done  by  M.  Raudnitz,  (Zeitsch  for  Physiol.  Chem.)  He 
carried  out  three  separate  experiments  with  the  same  dog  in  which  he 
'Compared  the  digestibility  of  raw  and  sterilized  milk,  the  experiments 
varying  considerably  in  time.  With  the  first  the  dog  was  growing, 
in  the  second  he  had  reached  his  full  growth,  and  with  the  third  the 
dog,  for  some  reason,  appeared  to  be  losing  weight.  The  following 
tables  show  the  amount  of  nitrogen  and  fat  undigested  in  the  three  ex- 
periments : 

TABLE  I. 
Per  Cent,  of  Nitrogen  Undigested. 

1st  Expt.  2nd  Expt.  3rd  Expt. 

Raw  milk  12.3  13.3  13.0 

Sterilized  milk,   13.6  18.6  16.0 

TABLE  2. 
Per  Cent,  of  Fat  Undig-ested. 

2nd.  Expt.  3rd  Expt. 

'Raw  milk,   4.4  5.6 

Sterilized  milk,  6.2  4.1 
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EXPERIMENT  WITH  CHILDREN. 

As  far  as  we  are  able  to  discover  but  two  men  have  ever  carried 
on  any  experiments  in  feeding  raw,  pasteurized  and  sterilized  milk  to 
children  or  infants  with  the  idea  of  collecting  and  making  an  analysis 
of  the  faeces  to  determine  the  relative  digestibility  of  the  milk  when 
treated  in  these  different  ways.  Bendix,  (Ann.  Inst.  Pasteur,  Vol.  9, 
1895,  pps.  362  to  365)  compared  boiled  milk  with  milk  sterilized  at  115 
degrees  C.  under  pressure.  He  fed  this  milk  to  children  about  two  and 
one-half  years  of  age,  feeding  a  known  quantity  of  milk  with  a  known 
quantity  of  other  simple  foods,  mainly  bread.  He  sums  tip  the  results 
of  his  work  in  the  following  tables : 

TABLE  3. 

Per  Cent,  of  Nitrogen  Undigested. 

1st  Expt.  2nd  Expt.  3rd  Expt. 

Boiled  milk,   15.3  8.5  7.6 

Sterilized  milk,  ;  15.7  9.1  7.0 

TABLE  4. 
Per  Cent.  Fat  Undigested. 

1st  Expt.  2nd  Expt.  3rd  Expt. 

Boiled  milk,   9.1  8.8  6.4 

Sterilized  milk,   8.9  9.0  5.1 

Two  of  these  experiments  were  in  favor  of  the  greater  digesti- 
bility of  the  boiled  milk,  though  the  difference  was  very  small  and 
might  be  well  calculated  to  be  within  the  limits  of  error  in  the  analy- 
ses. DuClaux  who  reviewed  these  experiments  in  the  Ann.  Inst., . 
Pasteur,  entered  in  to  some  sweeping  criticism  of  Bendix's  work  be- 
cause he  did  not  extend  his  investigations  to  include  raw  and  pasteur- 
ized milk,  as  the  uncertainty  was  in  regard  to  the  comparative  value  of 
milk  under  these  conditions  rather  than  with  boiled  and  sterilized  milk. 
The  work  of  Bendix  was  of  considerable  scientific  value  but  fell  short 
of  the  practical  value  which  it  would  have  possessed  had  the  work  in- 
cluded raw  and  pasteurized  milk. 

The  most  valuable  and  best  planned  and  executed  series  of  ex- 
periments with  the  digestibility  of  raw,  pasteurized  and  boiled  milk  of 
which  we  have  been  able  to  find  any  account  were  conducted  under 
the  direction  of  Dr.  Henry  Koplik,  attending  physician  to  the  Good 
Samartian  Hospital  of  New  York,  and  also  in  charge  of  the  children's 
ward  of  Mt.  Sinai  Hospital  of  the  same  city.  The  results  of  this  work 
were  published  in  the  New  York  Medical  Journal  and  a  reprint  has 
been  published  by  the  author  in  pamphlet  form.  There  is  considera- 
ble material  in  this  published  report  aside  from  the  actual  records  of 
the  experiments  conducted  which  is  of  value.  Dr.  Koplik  has  made 
a  study  from  all  sides  of  the  digestibility  of  milk  and  he  gives  some  in- 
teresting ideas  of  the  use  of  it  under  varying  conditions.  Some  of  this 
material  will  be  given  later.  Dr.  Koplik's  first  experiments  were  with 
a  couple  of  children  who  were  receiving  a  part  of  their  food  from  the 
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breast  of  the  mother.  These  will  not  be  considered.  His  next  exper- 
iments were  with  two  boys,  one  aged  three  months  and  the  other 
aged  five  months.  To  the  first  he  fed  pasteurized  and  then  sterilized, 
then  raw  milk.  This  child  was  not  in  good  health,  though  it  was  not 
suf¥ering  from  any  digestive  disturbances.  The  second  infant  he  gave 
milk  brought  to  a  boil  in  comparison  with  milk  sterilized  at  lOO  de- 
grees C.  Each  experiment  covered  a  periud  of  seven  days.  The  re- 
sults of  his  work  can  be  seen  in  the  following  table : 

TABLE  5. 

Xitrogen  taken  in  milk.    Nitrogen  remaining  in  faeces. 


First  Infant. —  grams.  per  cent. 

Pasteurized  milk,  ....  10,9209  4.6 

Sterilized  milk,   13.7449  4.9 

Raw  milk,   S-SQH  34 

Second  Infant. — 

Boiled  milk,   32.643  4.5 

Sterilized  milk,    30.969  4.3 


In  this  series  of  experiments  the  raw  milk  was  fed  but  four  days 
as  it  was  found  that  though  the  work  was  conducted  in  the  winter  the 
milk  would  sometimes  sour  before  it  was  used.  While  the  first  in- 
fant used  was  not  in  good  health.  Dr.  Koplik  considered  that  the  last 
experiments  were  conducted  with  a  child  which  was  in  perfect  condi- 
tion. The  tables  show  that  while  there  was  very  little  difference  in  the 
digestibility  of  the  different  lots  of  milk  fed,  the  little  difference  was 
in  favor  of  the  raw  milk.  The  plan  of  experiments  show  two  elements 
of  weakness.  The  same  quantity  of  milk  was  not  fed  during  the  dif- 
ferent periods  and  there  was  a  lack  of  repetition.  As  a  rule  in  diges- 
tion experiments,  three  trials  with  as  many  subjects  is  considered  the 
minimum  number  that  will  give  conclusive  results.  In  the  feeding  of 
young  infants  so  many  elements  may  enter  in  to  cause  serious  varia- 
tion, that  it  seems  as  though  even  more  than  the  regulation  three  trials 
would  be  desired. 

As  any  digestion  experiments  in  which  food  intended  for  the  use 
of  children  is  fed  to  animals  to  obtain  comparative  results,  would 
leave  a  margin  for  doubt  as  to  the  physical  action  of  such  foods  upon 
the  infant  health,  it  was  thought  that  the  opinions  of  physicians  who 
have  had  actual  experience  in  children's  nurseries  and  hospitals  would 
go  far  towards  supplying  what  could  not  be  shown  by  the  chemical 
analysis  or  the  resulting  effect  of  the  food  on  the  health  of  the  calves 
used.  It  is  entirely  possible  that  while  pasteurizing  or  sterilizing  milk 
could  render  it  more  easily  digested  when  fed  for  a  short  period  to 
infants,  the  heat  used- in  treating  the  milk  might  give  it  other  quali- 
ties which  would  cause  it  to  be  injurious  to  the  health  of  the  child  re- 
ceiving it.  Physicians  having  in  charge  a  large  number  of  infants 
would  be  very  likely  to  notice  this  if  it  were  the  case,  so  it  was  deter- 
mined to  obtain,  if  possible,  the  written  opinion  of  a  number  of  such 
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men  in  the  leading  cities  of  this  country.  Tlie  names  of  these  men 
were  furnished  by  Dr.  D.  Booker  of  Johns  Hopl<ins  University 
and  a  personal  letter  was  addressed  to  each  man  explaining  the  char- 
acter of  the  work  we  were  doing  and  what  we  wished  from  them. 
We  received  prompt  and  courteous  replies  to  our  requests,  and  these 
letters  are  herewith  given  with  such  alterations  as  are  necessary  to  be 
used  in  this  connection. 

Dr.  L.  Plmmett  Holt,  of  New  York,  writes  as  follows : — 
My  experience  is  that  heating  to  as  high  a  point  as  167  degrees  F., 
interferes  to  a  slight  degree,  at  least,  with  the  digestibility  of  milk,  and 
this  is  increased  the  higher  the  temperature  of  the  milk  is  raised  and 
the  longer  the  period  it  is  continued.  Clean,  raw  milk,  properly  handled 
is  the  thing  most  to  be  desired.  The  dangers  from  contaminated  milk 
in  the  summer  are  so  much  greater  than  those  of  heated  milk  that  I 
am  inclined  during  that  season,  to  advise  that  all  milk  used  for  infant 
feeding  be  heated. 

Dr.  John  Zahorsky,  attending  physician  to  the  Bethesda  Found- 
ling Home  and  Episcopal  Orphan's  Home  of  St.  Louis  for  five  years, 
in  introducing  the  following  points,  says :  There  is  still  much  to  be 
learned  about  the  use  of  milk  as  a  feed  for  infants.  I  summarize  my 
observations  as  follows : 

1.  The  exclusive  use  of  sterilized  milk  does  not  prevent  gastro- 
enteric disease.  Infection  of  the  alimentary  canal  may  take  place  by 
contagion  as  may  other  infectious  diseases.  There  have  been  two 
such  epidemics  in  the  Bethesda  Home. 

2.  Rickets  occur  in  infants  fed  on  sterilized  milk  in  much  greater 
percentage.  When  fed  on  raw  milk  about  1 5  per  cent,  of  the  babies 
have  rickets  well  marked.  On  sterilized  milk  and  other  foods  our  per- 
centage was  about  50  to  75. 

3.  Marasmus  is  less  liable  to  occur  when  raw  milk  is  used.  The 
last  two  years  we  have  been  using  raw  milk  exclusively  and  have  had 
only  one  case  of  marasmus  among  four  hundred  infants  admitted.  On 
sterilized  milk  a  larger  percentage  of  such  cases  occurred. 

4.  Scurvy  is  liable  to  occur  among  infants  fed  on  sterilized  milk. 
I  have  never  seen  one  case  among  those  fed  on  raw  milk. 

5.  Infants  fed  on  sterilized  milk  are  markedly  deficient  in  those 
physical  activities  which  overcome  infectious  diseases.  These  infants 
succomb  to  gastro-enteric  disease,  pneumonia,  influenza  and  other  in- 
fectious diseases  in  much  greater  proportion.  Our  mortality  at  the 
Foundling  Home  has  been  reduced  15  per  cent  since  we  fed  infants  on 
pure,  clean  raw  milk. 

A  few  explanations  of  terms  used  by  Dr.  Zahorsky  may  help  some 
of  the  readers.  ^Marasmus  is  a  term  used  to  describe  a  condition  of 
infants  in  which  the  food  taken  does  not  seem  to  have  the  proper 
nourishing  effect  on  the  body  which  gradually  wastes  away.  Rachitis 
or  rickets  is  applied  to  a  condition  in  which  the  bones  do  not  have  suf- 
ficient mineral  matter  to  give  them  the  proper  firmnesss. 

Dr.  J.  P.  Crozer  Griffith,  of  Philadelphia,  who  is  connected  with 
two  hospitals  in  Philadelphia,  writes  as  f(;]lows : 
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In  general  I  believe  that  the  digestibility  of  milk  is  often  inter- 
fered with  by  either  pasteurizing  or  sterilizing,  but  I  by  no  means 
share  the  decided  prejudice  that  many  have  against  these  processes.  I 
believe  that  in  the  mass  of  cases  the  absence  of  heating  does  much 
more  harm  than  the  heating  does.  Where,  however,  I  can  get  milk 
upon  which  I  can  well  depend,  I  prefer  to  use  it  raw  as  a  rule.  This 
is  the  result  of  my  experience  both  in  private  and  in  hospital  practice. 
In  both  the  children's  hospital  of  this  city  we  pasteurized  the  milk  be- 
cause we  can  not  trust  it  raw. 

Dr.  John  Lovett  ^lorse,  of  Boston,  Mass.,  who  has  charge  of  the 
infant's  hospital,  writes  the  following  letter : 

I  have  had  no  experience  in  the  use  of  sterilized  milk.  I  have,  how- 
ever, had  considerable  experience  in  feeding  milk  pasteurized  at  167 
degrees  and  at  155  degrees,  as  well  as  with  raw  milk.  Judging  from 
clinical  obsen^ations,  as  to  vomiting,  number  of  dejections,  their  char- 
acter and  the  presence  of  curds,  I  feel  that  there  is  no  difiference  in  the 
digestibility  of  pasteurized  and  raw  milk.  I  feel  pretty  certain,  how- 
ever, that  children  do  not  thrive  so  well  on  milk  heated  at  155  or  167  de- 
grees F.,  as  they  do  on  raw  milk.  On  the  average  they  are  not  as  vig- 
orous, do  not  gain  in  weight  as  fast  and  are  more  likely  to  become  an- 
aemic and  rachitic. 

Dr.  Henry  Koplik,  of  Xew  York,  in  reply  to  the  inquiry  addressed 
to  him,  sent  a  short  letter  and  also  the  pamphlet  containing  some  di- 
gestive work  done  by  himself,  an  abstract  of  which  has  already  been 
given.  In  his  letter  he  refers  to  some  things  given  in  the  published 
report  which  come  better  in  this  connection  than  with  the  previous 
abstract.   He  writes  as  follows : 

"Soon  after  the  presentation  of  the  sterilization  of  milk,  it  was 
generally  adopted.  It  was  seen  that  the  procedure  was  welcomed  by 
the  infant  and  certain  serious  gastro-intestinal  disorders,  common  to 
infancy  in  the  summer,  were  more  easily  controlled  by  its  use.  Those 
of  us  whose  experience  antedates  the  introduction  of  sterilization 
would  be  first  to  realize  the  loss  to  infancy  were  we  today  deprived  of 
its  use.  The  cases  of  marasmus  brought  forward  by  certain  men  as 
a  proof  of  starvation  from  the  use  of  sterilized  milk  were  seen  and  still 
are  seen  in  places  and  institutions  where  the  sterilization  of  milk  is 
unknown.  In  other  words,  tlie  cause  of  starvation  in  these  infants 
tnust  be  a  deeper  seated  one  than  that  seized  upon  by  writers  to  prove 
their  position.  Huebner,  while  still  working  in  Leipsic,  showed  that 
there  was  an  actual  increase  in  the  weight  of  infants  on  an  exclusive 
•diet  of  sterilized  milk.  He  thought  this  necessary  to  stem  the  tide  of 
distrust  awakened  against  one  of  the  greatest  advances  in  the  manage- 
ment of  artificially  fed  infants.  He  does  not  deny  that  there  are  cer- 
tain cases  coming  under  the  head  of  marasmus  which  the  sterilization 
of  milk  and  its  modification  will  not  reach,  but  he  shows,  however, 
from  actual  statistics  that  a  very  large  percentage  of  the  cases  of 
•chronic  intestinal  disorders  of  a  variety  incurable  before  the  introduc- 
tion of  sterilized  milk  are  improved  and  cured  by  the  same.  The 
shortcomings  of  sterilized  milk  is  not  all  a  matter  of  the  heating  to  the 
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degree  of  sterilization,  but  is  a  matter,  periiaps,  inherent  in  the  nature 
of  the  food  itself.  Experts  now  realize  that  the  subject  of  the  digesti- 
bility of  cow's  milk  is  something  deeper  than  its  method  of  heating. 
There  are  so  many  factors  which  enter  into  this  matter  that  the  heat- 
ing alone  is  only  a  small  part  of  them.  The  caseine,  its  nature  as  com- 
pared to  human  milk,  the  nucleins  of  cow's  milk  as  compared  to 
human  milk,  the  methods  of  dilution  of  cow's  milk,  their  predigestion 
for  some  infants  are  all  of  vast  and  over-reaching  importance  when 
compared  to  the  question  of  the  heating  of  the  milk.  If  an  infant  does 
not  increase  in  weight  no  amount  of  raw  or  pasteurized  milk  as  com- 
pared to  sterilized  milk  will  cause  an  improvement." 

A  personal  visit  was  paid  by  one  of  the  authors  to  Dr.  W.  B.  Piatt, 
who  is  in  charge  of  the  Robert  ( larrett  Hospital  for  children  in  Balti- 
more. He  ^a^•s  that  a  few  years  ago  sterilized  nnlk  was  fed  to 
■all  the  children  in  the  hospital,  init  this  was  discontinued  as  the  chil- 
■dren  did  not  appear  to  thrive  as  well  as  when  the  raw  milk  was  used. 
Pasteurized  modified  milk  is  now  fed  to  all  the  infants  in  the  hospitals 
■during  the  sumincr.  and  to  special  cases  during  the  winter.  Dr.  Piatt 
said  that  if  he  r^'tild  L;\  t  al  iliiu  h-  pure  milk  f(.)r  the  children  he  would 
prefer  it  raw  in  all  cases,  hut  mving  to  the  impossil)ility  of  obtaining 
such  milk  he  was  forced  to  pasteurize  though  he  did  not  believe  that 
children  fed  pasteurized  milk  thrived  as  well  as  when  fed  perfectly 
pure  raw  milk. 

A  visit  was  paid  to  the  Nursery  and  Child's  Hospital  of  Balti- 
more. It  was  learned  that  about  four  years  ago  sterilized  milk  was 
fed  to  all  the  children  in  the  hospital,  but  as  the  children  did  not  thrive 
and  there  was  more  illness  at  this  time,  the  sterilized  milk  was  discon- 
tinued for  raw  milk.  An  inquiry  led  to  the  opinion  that  the  process  of 
sterilization  adopted  at  this  institution  was  rather  irregular,  which 
might  have  accounted  for  the  unfavorable  results. 

These  communications  from  the  heads  of  the  children's  hospitals 
of  the  country  show  them,  with  one  exception,  (Dr.  Henry  Koplik, 
of  New  York,)  to  be  opposed  to  the  use  of  cooked  or  sterilized  milk 
as  a  food  for  infants  on  the  grounds:  first,  because  the  children  do  not 
thrive  as  well  when  it  is  fed,  and  secondly,  because  they  claim  that  its 
use  leads  to  marasmus,  rickets  and  scurvey.  One  of  t!ie  physicians, 
Dr.  John  Zahorsky  of  St.  Louis,  in  his  replv  advocates  the  use  of  raw 
milk  and  from  his  repl\-  we  would  infer  that  he  would  always  use  it 
under  every  condition  normal  to  city  hospitals.  The  other  physicians 
are  in  favor  of  raw  n:ilk  where  it  can  be  obtained  in  a  i)ure,  clean  con- 
dition, but  they  recognize  the  impossibilit\-  of  ol)taining  such  milk  in 
the  summer  so  they  advise  pasteurizing,  believing  it  to  l)e  the  less  of 
two  evils.  It  seems  to  be  the  common  ojiinion  of  the  pinsicians  that 
heating  milk  injiu-es  it  for  infant  use,  and  the  higlier  the  heat  to  which 
the  milk  is  >ul)ieeteil  the  more  iM-oiKiunced  the  iniurious  effects:  but 
at  the  same  ti-ue  :i  niajorit\-  of  tlieni  l)elieve  that  most  unheated  niilk 
bas  certain  injurinii^  properties  wliich  can  in  a  measure,  be  remedied 
Toy  heating.  The  i|uestion  with  tlieni  seems  to  !je,  which,  undtr  varying 
•conditions,  is  the  least  h.armful,  the  uni)asteurized  milk  with  its  multi- 
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tudc  of  injurious  germs  or  the  same  milk  minus  the  germs,  but  with 
certain  (jtl.er  properties  which'  are  objectionable.  To  determine  just 
the  effect^  ])a^-uurizing  milk,  especially  as  regards  its  digestibility, 
is  what  wanted  to  do  in  the  work  taken  up  at  this  station.  The 
physicians  corresponded  with  without  exception  unite  in  saying  that 
there  is  much  about  cow's  milk  as  a  food  for  children  yet  to  be  learned. 
What  is  often  given  as  facts  seems  in  many  cases  to  be  a  matter  of 
opinion  made  up  from  impressions  gained  largely  through  superficial 
observation,  and  it  is  likelv,  that  in  some  cases  at  feast,  prejudice  enters 
largely  into  reasoning.  (July  two  of  the  physicians  in  replying  to  our 
inquiry  gave  statistics  or  results  of  work  actually  recorded,  and  it  will 
be  noted  that  these  two  are  widely  at  variance  in  their  respective  con- 
clusions. This  certainly  shows  a  lack  of  definite  knowledge,  and  in  a 
matter  of  so  great  importance  all  agree  in  saying  that  there  is  much  to 
be  learned. 

Anyone  who  has  had  experience  with  feeding  calves  and  under- 
stands their  nature  and  the  quickness  with  which  they  show  the  effect 
of  any  serious  change  in  their  food  would  recognize  their  peculiar  fit- 
ness for  such  experiments  as  we  desired  to  make.  The  milk  of  the 
cow  fresh  from  the  udder  is,  of  course,  the  natural  food  for  the  yoimg 
calf.  Any  physical  change  in  the  milk  would  be  likely  to  be  shown  by 
tlie  calf  very  (|uickly,  esjjecially  as  young  calves  are  very  susceptible  tc» 
any  change  for  the  worse  in  their  food  and  show  usually  by  scouring 
and  sometimes  by  refusing  their  food  that  something  is  wrong.  Know- 
ing these  particular  characteristics,  we  chose  calves  rather  than  anv 
other  available  animal  for  these  particular  experiments.  We  think 
that  the  results  have  justified  our  choice  and  met  our  expectations. 

In  taking  up  this  work  it  has  not  been  our  plan  to  enter  upon  any 
elaborate  discussion  of  the  use  of  milk  as  food  or  into  any 
theory  of  the  changes  in  milk  caused  by  heating  it.  though  such 
changes  undoubtedly  occur.  Neither  do  w'e  feel  qualified  to  discuss 
with  any  degree  of  completeness,  the  effect  of  the  milk  used  in  these 
experiments  on  the  physical  health  of  the  animal.  But  this  effect  as 
far  as  it  is  obvious  to  one  feeding  calves  will  be  noted  with  each  sepa- 
rate experiment.  \\'c  merely  desired  to  study  as  far  as  it  was  possible 
and  practicable  with  us,  the  comparative  digestibility  of  milk  under 
the  conditions  named  with  what  we  supposed  were  the  best  animals  to 
be  used. 

This  experiment  is,  as  far  as  we  have  been  able  to  discover,  the 
first  digestion  work  wdiich  has  ever  been  done  with  young  calves. 
This  made  it  necessary  to  design  our  own  apparatus.  To  collect  the 
faeces  it  was  necessary  to  confine  the  calf  in  a  standing  position  for  the 
required  period,  and  a  receptacle  in  which  to  collect  the  faeces  was  pat- 
terned. As  the  calves  were  light  and  could  easily  be  lifted  around  by 
two  men  a  crate  was  considered  to  be  the  best  way  of  confinement.  It 
w-as  supposed  that  by  making  the  crate  narrow  the  calf  would  be 
forced  to  stand  up  while  kept  in  it.  But  young  calves  necessarilv 
spend  much  of  their  time  lying  down  and  the  crate  could  not  ))e  ar- 
ranged to  force  the  calf  to  remain  on  its  feet  for  the  necessary  period. 


Figure  1.— Shcwiag  method 
Figure  2.— Rear  view  of  mlf  in  crate. 


slinging  calf  in  crate. 

Figure  3.— Bag  for 


collecting  faeces. 
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They  would  invariably  sink  to  the  bottom  almost  as  soon  as  they  were 
put  in,  and  acted  so  restless  that  something  else  was  necessary.  To 
meet  this  difficulty,  holes  for  their  four  legs  were  cut  in  a  large  bran 
sack.  Xails  were  driven  in  the  tops  of  boards  on  either  side  of  the 
crate  and  the  sack  was  swung  from  the  nails  just  high  enough  to  al- 
low the  calf's  feet  to  rest  firmly  on  the  floor.  This  gave  the  calves  a 
chance  to  settle  down  in  a  crude  swing  and  still  -keep  in  position  to  col- 
lect the  faeces.  This  plan  worked  perfectly  and  apparently  kept  them 
from  becoming  in  tlic  Ica-t  fatigued.  All  of  the  calves  used  availed 
themselves  of  the  oppurtunity  to  rest  by  settling  down  in  this  sack. 
The  general  plan  can  be  seen  to  advantage  in  figures  i  and  2.  With 
few  exceptions  we  had  little  trouble  with  calves  so  confined.  They 
could  jump  out,  but  only  two  persisted  in  doing  this  so  that  they 
could  not  be  used  in  the  experiment.  As  the  calves  made  a  gain  of 
weight  in  a  majority  of  the  trials  we  must  conclude  that  they  felt  com- 
fortable in  the  crate. 

Figure  3  shows  the  sack-shaped  receptacle  used  for  collecting  the 
faeces.  It  was  made  from  thin  white  rubber  cloth  and  was  in  two 
pieces,  the  shape  of  which  can  be  judged  by  the  seams  on  the  sack. 
The  calf's  tail  was  put  through  a  small  hole  and  the  two  upper  strings 
were  passed  forward  and  tied  in  a  cloth  collar  placed  around  the  neck. 
The  two  lower  strings  passed  between  the  hind  legs  and  fastened  one 
on  either  side  of  the  calf  to  the  cloth  collar  placed  on  the  neck.  This 
sack  worked  very  satisfactoryily  and  even  when  the  faeces  were  thin 
it  retained  every  particle.  This  sack  was  changed  every  morning,  the 
contents  weighed  and  the  sack  washed  and  dried  aftet^  a  sample  of  the 
faeces  has  been  taken  for  analysis.  Figure  2  gives  some  idea  as  to  the 
way  the  sack  was  fitted  to  the  calf. 

While  conducting  these  experiments  the  calf  was  not  allowed  to 
have  a  particle  of  food  other  than  the  milk  given.  For  a  lime  they  were 
prevented  from  eating  by  being  confiend  in  a  pen  with  a  bare  floor, 
but  as  the  cold  weather  was  coming  on  the  bare  cement  caused  con- 
siderable discomfort.  \\'armer  and  more  comfortable  quarters  were 
provided  by  muzzling  the  calf  and  allowing  it  to  be  turned  into  a  pen 
with  other  calves  where  plenty  of  straw  was  given  for  bedding.  The 
muzzle  was  designed  and  made  at  the  station  from  small,  pliable  wire 
and  mosquito  netting.  This  was  removed  when  the  calf  was  fed  and 
worked  very  satisfactorily,  causing  no  apparent  discomfort  and  entire- 
ly preventing  the  calf  from  eating  straw. 

It  was  the  general  plan  to  feed  the  ealves  in  every  case  through  a 
preliminary  period  of  three  days  as  this  was  thought  to  be  sufficient 
to  allow  all  milk  previously  fed  to  pass  through  the  digestive  tract.  Ir» 
cases  where  the  calf  had  received  straw  before  commencing  on  the  pre- 
liminary period,  no  collections  were  made  until  all  cellular  tissue  had 
ceased  passing  with  the  faeces.  The  calf  was  then  confined  in  the 
crate  and  the  faeces  were  collected  for  three  days.  A  week  is  usually 
allowed  for  collecting  the  faeces  in  each  period  in  digestive  experi- 
ments, but  we  were  afraid  that  the  additional  time  would  be  too  long 
for  the  calf  to  stand  in  the  crate.    Mature  cattle  or  horses  can  stand 
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for  weeks  at  a  time  without  showing  any  apparent  discomfort,  but  it 
was  evident  that  the  younger  calves  used  in  our  experiments  could  not 
stand  for  a  week  without  becoming  so  fatigued  as  to  militate  against 
the  value  of  the  work.  liven  the  three  days  the  calves  were  kept  in 
the  crate  appeared  to  tell  on  the  strength  of  some  of  the  younger  ones 
used,  and  had  it  not  been  for  the  sack  placed  under  them  which  al- 
lowed them  to  virtually  lie  down,  though  in  an  unnatural  position,  the 
work  would  have  lost  much  of  its  value. 

In  feeding  the  calves  the  quantity  of  milk  given  was  adjusted  to 
about  what  the  average  calf  would  require  for  moderate  growth.  This 
with  the  younger  calves  would,  of  course,  be  less  than  the  same  calf 
would  need  a  month  older,  but  we  desired  to  feed  a  uniform  quantity 
under  all  conditions  and  to  all  of  the  calves  used.    About  sixteen 
pounds  or  a  little  less  than  two  gallons  was  at  first  decided  to  be  about 
the  right  amount.    But  as  our  work  progressed  it  seemed  that  this 
amount  was  too  much  for  the  younger  calves  and  caused  scouring. 
The  quantity  was  then  reduced,  and  even  with  this  less  amount  a  num- 
ber of  the  calves  made  substantial  gains  in  weight  while  confined  in  the 
crate.   All  of  the  milk  fed  to  the  calves  was  from  two  cows  of  the  herd. 
This  milk  was  taken  in  the  mornmg,  the  amount  from  both  cows 
mixed  together  and  a  sample  taken  for  fat  and  protein  determination. 
The  calves  were  fed  morning  and  evening  from  this  morning's  milk. 
We  thought  that  the  milk  from  two  cows  would  be  preferable  to  milk 
taken  promiscuously  from  the  mixed  milk  from  the  entire  herd,  as  our 
herd  has  an  average  test  of  about  five  per  cent,  which  we  considered 
above  the  average  in  fat.    Then,  too,  we  have  no  facilities  for  mixing 
the  amount  of  milk  received  from  an  entire  herd  and  that  selected 
might  have  been  from  one  lot  of  cows  one  morning  and  from  an  en- 
tirely dififerent  lot  the  next  morning.    The  two  cows  selected  were 
chosen  for  their  relatively  low  test  which  averaged  about  4  per  cent., 
and  because  they  were  heavy  and  persistent  milkers,  which  insured  a 
sufficient  quantity  for  two  calves  through  the  entire  season.    Few,  if 
any,  cities  have  a  milk  standard  as  high  as  4.2  per  cent,  of  fat,  and  it 
is  doubtful  if  much  milk  testing  higher  than  this  amount  is  sold  to  the 
ordinary  city  trade.    Had  we  selected  mixed  milk  from  a  half  dozen 
cows  instead  of  two,  as  we  did,  we  would  have  had  the  advantage  of 
less  variation  in  composition,  but  during  the  time  we  were  carrying  on 
this  work  the  milk  was  fairly  regular  in  its  fat  and  protein  content.  On 
the  other  hand  the  mixed  milk  from  a  number  of  cows  is  supposed  to 
be  less  digestible  or  to  have  a  more  undesirable  effect  on  the  animal 
stomach  than  that  from  one  or  two  cows. 

The  calves  were  fed  about  8.30  in  morning,  and  about  6.00  in  the 
evening.  This  made  the  periods  a  little  irregular,  which  we  deplored, 
but  which  could  not  be  avoided.  The  variation  in  feeding  periods  was 
the  same  in  all  cases. 

In  this  work  the  health  of  the  calf  as  far  as  could  be  seen  was  care- 
fully noted  and  with  one  exception  no  calf  which  did  not  appear  to  be 
perfectly  healthy  was  used.  A  number  which  showed  signs  of 
weakness  or  sickness  after  we  had  commenced  on  the  preliminary 
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period  were  not  used,  the  feeding  being  discontinued  until  the  calf  had 
regained  its  normal  health  or  another  calf  was  substituted.  No  faeces 
were  collected  from  calves  which  were  scouring.  During  the  year  we 
had  considerable  trouble  with  calves  scouring  at  different  times,  and 
quite  often  they  would  start  after  they  had  been  placed  in  the  crates. 
In  a  couple  on  instances  where  the  calf  did  not  commence  to  scour 
until  the  last  day  it  was  to  be  kept  in  the  crate,  we  allowed  the  two 
first  days  to  serve  as  a  basis  for  calculating  the  results  of  the  work  and 
did  not  save  the  faeces  the  last  day.  In  other  cases  of  scouring  where 
the  calf  commenced  to  scour  during  the  preliminary  period  oi;  when 
first  placed  in  the  crate,  the  experiment  was  discontinued  until  the  call 
was  well,  when  we  started  on  the  preliminary  period  again.  We  re- 
garded this  tendency  to  scour  as  favorable  to  our  work  rather  than 
otherwise,  as  the  calf's  stomach  responded  to  anything  wrong  with  its 
food  more  quickly  than  it  would  had  the  calf  been  in  a  state  of  perfect 
health. 

The  general  plan  of  the  work  was  to  feed  first  the  raw  milk,  then 
the  pasteurized  milk,  then  the  cooked  milk,  using  the  same  calf  with 
each  one,  and  in  a  couple  of  cases  repeating  the  series  with  the  same 
calf.  In  repeating  the  series  with  the  same  calf  the  ad- 
vanced age  of  the  calf  offered  some  objection  as  it  was  then 
getting  to  the  age  when  they  desired  to  eat  some  coarse  fodder,  and  it 
seemed  to  worry  a  few  of  them  because  they  could  not  do  this.  The 
calves  in  nearly  every  case  were  used  for  the  experiments  when  about 
two  weeks  old.  By  this  time  their  digestion  of  the  milk  given  would 
have  become  regular,  they  were  young,  and  any  thing  wrong  with  the 
feed  would  be  more  likely  to  be  shown,  both  in  physical  appearance 
and  in  the  analysis  of  the  faeces,  and  this  allowed  the  calf  to  gain  a 
little  strength  to  be  confined  in  the  crate.  The  raw  milk  was  given 
fresh  in  the  morning  from  the  mixed  milk  from  two  cows  as  was  be- 
fore noted.  Part  of  this  was  put  away  to  be  fed  in  the  evening.  The 
milk  to  be  pasteurized  was  taken  from  the  same  cows.  We  decided  to 
pasteurize  at  167  degree  F.  for  ten  minutes.  As  this  was  a  medium 
temperature  between  the  extremes  usually  used  for  pasteurizing,  155 
degrees  for  twenty  minutes  or  182  degrees  for  from  two  to  four 
minutes.  As  pasteurizing  milk  at  140  degrees  for  thirty  minutes  has 
been  found  by  Russell  and  Farrington  (i6th  Ann.  Rpt.,  Wis.  Expt. 
Sta.)  to  have  less  effect  on  the  physical  properties  of  the  milk,  some 
separate  experiments  were  carried  on  with  milk  heated  to  this  temper- 
ature. For  pasteurizing  we  improvised  our  own  apparatus  using  a 
shotgun  can  and  a  barrel  of  water  connected  with  steam.  The  milk 
was  given  frequent  stirrings  during  the  process.  As  soon  as  the  milk 
had  remained  at  the  high  temperature  for  the  necessary  length  of  time 
it  was  run  over  a  cooler.  This  is  a  little  unusual,  as  of  course  a  large 
number  of  germs  would  gain  access  to  the  milk  during  the  operation. 
But  we  did  not  care  to  have  the  milk  keep  for  any  unusual  length  of 
time,  all  milk  being  fed  the  same  day  it  was  milked.  Tlie  physical 
changes  in  the  milk  rather  than  the  bacteriological  was  what  we  de-^ 
sired,  and  we  made  no  unusual  effort  to  exclude  germs  after  the  milk 
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had  been  heated.  The  presence  of  germs  in  moderate  numbers  may  or 
may  not  influence  the  digestibihty  of  the  milk,  but  that  was  a  question 
upon  which  we  did  not  care  tO'  enter.  We  preferred  the  milk  with 
about  its  usual  number  of  bacteria  and  differing  from  the  raw  product 
only  as  the  heat  of  pasteurizing  had  affected  its  organic  constituents. 
The  cooked  milk  was  heated  in  the  same  way  as  the  pasteurized  milk, 
but  in  this  case  the  milk  was  heated  from  185  degrees  F.  to  190  de- 
grees F.,  where  it  was  allowed  to  remain  over  a  half  hour.  It  was  then 
cooled  rapidly  by  setting  it  in  cold  running  water.  This  milk  while 
it  had  not  been  boiled  had  all  the  appearance  of  boiled  milk  and  had  a 
decidedly  cooked  flavor.  It  is  likely  that  the  half  hour's  heating  to  185 
degrees  cooked  the  milk  as  thoroughly  as  boiling  for  five  minutes 
would  have  done.  A  number  of  bacteriological  analyses  were  made 
in  the  pasteurized  milk  to  determine  the  efhciency  of  the  work  done 
from  that  standpoint,  but  no  analysis  was  made  of  the  cooked  milk. 
It  was  undoubtedly  practically  sterile,  although  it  is  well  understood 
that  heating  to  the  temperature  of  185  degrees  for  a  half-hour  will  in 
some  cases  leave  a  few  spores  with  sufficient  vitality  to  grow  as  soon 
as  the  normal  conditions  of  temperature  are  restored.  We  did  not  care 
for  sterile  milk.  The  physical  effect  of  the  heat  on  the  organic  constit- 
uents of  the  milk  being  what  was  desired  as  was  the  case  with  the  pas- 
teurized milk.  No  effort  was  made  to  introduce  the  normal  number  of 
bacteria  into  the  milk  after  it  had  been  cooked,  but  no  effort  was  made 
to  keep  them  from  the  milk.  It  is  likely  that  by  the  time  the  calf  was 
fed  at  night  the  milk  which  had  been  heated  had  almost  as  many  germs 
as  though  it  had  not  been  heated. 

The  following  tables,  6  and  7,  gives  the  composition  of  the  milk 
fed  in  the  different  experiments,  and  also  of  the  faeces  collected.  The 
per  cent,  of  water  given  is  only  approximate  as  no  exact  analyses  were 
made.  Tables  given  the  average  composition  of  milk  for  given 
amounts  of  protein  and  fat  were  used  and  the  per  cent,  of  water  was 
taken  from  this.  The  analyses  of  the  samples  can  be  identified  with 
the  experiments  by  the  index  numbers  which  are  the  same  as  in  the 
tables  recording  the  details  of  the  experiments.  In  the  analytical  work 
the  Babcock  test  was  used  for  determining  the  amount  of  fat  in  the 
milk. 
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TABLE  6. 


COMPOSITION  OP  MILK  USED  IN  THE   FOLLOWING  EXPERIMENTS. 
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3.15 
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3.34 
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TABLE  7. 

COMPOSITION  OF  FAHCKS  COLLECTED   IN   DIGESTIVE  EXPERIMENTS. 
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83.00 

8.50 

Trace 

2498 

"    5  — 

77.43 

4.40 

24y7 

81.47 

5.01 

2551 

"    1»  — 

65.78 

6.61 

4.88 

2559 

"  8— 

71.97 

4.77 

1.75 

26C6 

"  U— 

75.12 

5.T7 

3.T8 

2571 

"  8— 

79.93 

4.05 

1.36 

The  I'ollou  in^q'  tables,  8,  q  and  lo,  give  the  digestibility  of  the  raw, 
pasteurized  and  cooked  milk,  together  with  the-  age  of  calf  and  the 
amount  of  milk  fed,  alsci  other  data.  In  these  experiments  the  ca'f 
fed  first  on  raw  milk,  then  pasteurized,  then  on  cooked  milk.  The 
calves  are  numbered  in  the  tables.  Thus,  calf  one  was  fed  first  on  raw 
milk  and  the  resulting  data  given  in  table  8  which  is  devoted  to  raw 
milk  gives  the  necessary  results  and  details.  Then  calf  one  was  fed  on 
pasteurized  milk  and  the  results  and  details  are  given  in  table  9  which 
is  devoted' to  pasteurized  milk.  The  calf  was  then  fed  on  cooked  milk 
but  scoured  so  violently,  as  was  the  case  in  several  other  instances, 
that  no  results  were  obtained  to  give  in  table  10.  This  series  was  re- 
peated with  calf  2,  and  the  results  are  given  in  tables  8  and  9,  this  one 
also  scoured  when  fed  on  cooked  milk.  The  series  was  again  repeated 
with  calf  I,  which  will  be  noted  as  being  over  a  month  old.  Then  calf 
3  was  used,  and  in  this  case  the  series  was  carried  through  the  cooked 
milk  as  the  calf  did  not  scour  as  the  others  had  done.  In  this  way 
seven  series  were  run  through,  three  of  which  were  fed  cooked  milk, 
from  which  the  faeces  were  collected. 


MAIIYLAXD  AGRiICUI/rrKAL  EXPERn^E^•T  STATION. 


There  was  objection  to  this  manner  of  carrying  through  the 
series  always  in  the  same  order  having  the  raw  milk  ahvays  come  first. 
From  a  study  of  these  tables  it  appears  evident  that  the  younger  the 
calf  the  larger  the  per  cent,  of  the  food  digested.  It  is  a  question  be- 
cause of  this  fact  if  the  difference  in  age  from  the  time  of  feeding  raw 
to  the  time  of  feeding  cooked  milk  might  not  have  made  some  differ- 
ence in  the  relative  digestibility  of  raw  and  cooked  milk.  This  fact  had 
been  noted  in  work  done  by  other  experimenters,  but  we  considered 
that  the  difference  would  not  be  sufficient  in  the  twelve  days  elapsing 
from  the  feeding  of  the  raw  milk  to  the  feeding  of  the  cooked  miik  to 
make  anyvmaterial  difference  in  the  results. 


TABLE  8. 

DIGESTIBILITY   OP  WHOLE  RAW  MILK. 
Duration  of  Preliminary  Period,  3  Days.    Digestion  Period  j  Days. 


In- 
dex 
No. 

2313 
2322 

Fresh 
sub- 
stance. 

Dry 
sub- 
stance. 

Per 

mois- 
ture. 

Protein. 

Fat. 

Calf  1-Age  15  days 
Milk  fed  

grams. 
24  390 

'470 

^  2,92G 
158 

88  00 
66.22 

770.72* 
29.61 

23.88 

'Pq^^I  excreted   

741  11 
96.16 

75  7.60 
97.06 

2345 
2351 

Calf  2-Age  14  days. 
Milk  fed   

24  390 

630 

3,171 

70 

87.00 
88.  SI 

748.11 
16.50 

902.43 
8.50' 

Total  excreted  . 

731.61 
97.79 

893.83 
99.04 

Per  cent  digested  • 

2353 
2359 

Calf  1,  Age  39  days 
Milk  fed   

24  390 
2  490 

3,171 
944 

87.00 
63.08 

746.33 
221.61 

925.88 
95.8S 

524.72 
*70.3O 

829.94 
*89.75 

*Per  cent  digested  .. 

1 

2382 

2388 

Calf  3-Age  14  days. 
Milk  fed  

24,390 
530 

3,293 
198 

86.50 
7j.80 

782.91 
35.66 

024.38 
17.27 

747.25 
9j.44 

1007.  U 
98.31 

2391 
2397 

Calf  2-Age  53  days 
Milk  fed  

24  390 
1  295 

3,293 
296 

86.50 
78.20 

778.16 
47.00 

975.00 
33  41 

942.19 
96.51 

Total  excreted  

726.16 
93.92 

Per  cent  digested  • 

2434 
244 

Calf  4-Age  21  days. 
Milk  fed 

18  714 
1  455 

2,536 
359 

86.50 
75.82 

658  73 
30.11 

823.41 
22.22 

Total  excreted            • . . 

628.62 
95.68 

801.19 
97.31 

2441 
2448 

Calf  5-Age  14  days. 
Milk  fed   

18  714 

2  325 

2,536 
296 

86.50 
87.24 

638  14 
65  33 

785.98 
67.43 

572.81 
89.76 

728.56 
92.69 

Average  for  G  tests  of  raw 

94.79 
91.29 

96  82 
95  81 

*(Excludingthe  one  marked") 
Average  for  7  tests  of  raw 

*(including  the  one  marked*) 
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TAP.LF.  (). 

DIGESTinfLITV   OF   WHOLE   MII.K  I 'A  S  T I ,  I  U IZKD   1G7    DEGREES    F.  FOU 

10  MIM  'l  i:s. 


Din  aiion  of  Preliminary  Period ,  j  D  lys.    Digestion  Period,  J  Days. 


In- 
dex 
No. 

Fresh 
sub- 
stance. 

Dry 
sub- 
stance. 

Per 
cent, 
mois- 
ture. 

Protein 

Fat. 

r:!>4 
XoM 

Calf  1— Age,  21  days. 
Milk  fed  

grams. 
a4,390 
563 

grams. 
2  926 
101 

88.00 
81.99 

grams. 
.60.96 
34.11 

grams. 
804.87 
26.46 

726.85 
95.51 

778.41 
96.71 

Calf  2— Age,  21  days. 
Milk  fed  

24.390 
850 

3,171 
215 

87.00 
74.70 

756.09 
45.39 

876.04 
31.62 

'!'>  lal  excreted  

710.70 
93.90 

814.43 
96.39 

1 

2?-. 
2i  > 

Calf  1— Age,  46  days. 

Milk  frd  

futal  cicreted  

24,390 
1,580 

3,171 
219 

87.00 
88.13 

756.09 
38.55 

902.43 
12.64 

717.54 
94.90 

889.79 
98.59 

24  0 
240: 

2409 
2416 

Calt       .\ge,  41  days. 
Milk  fed   

24,390 
1,375 

3  293 
230 

86.50 
83.54 

819.50 
51  C2 

975.60 
35. 33 

Digested    

Per  cent,  digested  

768.48 
93.76 

940.27 
96.37 

(-'a't  l' — Aijc,  Tl  days. 
Milk  fed  

24,390 
2,935 

3,293 
644 

86.50 
78.04 

792  67 
82.47 

1,048.77 
58.70 

710  20 
89.59 

990.67 
94.40 

2t49 
2455 

240? 
21G7 

(\-i'f  4— Age,  2-.'  days. 
Milk  fed  

18,714 
835 

2  536 
134 

86.50 

036.27 

785.98 
27.80 

Total  excreted  '.  

604.13 
94.94 

758.18 
96.46 

Ciir  n— Age,  21  days. 
Milk  f  d    

13,576 
1,185 

1,697 
211 

86.fi0 
82  20 

427.58 
49.88 

515.61 
45.29 

377.70 
88.33 

470.35 
«1.02 

Per  cent,  digested  

Averairr  f  r  7  te'i  s   of  Pas 
teuiii'ed  milk  ;it  IC,  0  F  

92.99 
94.79 

1.80 

fl4.27 

96.82 

2  53 

THE  COJJPAKATIVE  DIGIOSTI HILITY  OF  MILK. 

TABLE  lo. 


DIGKSTIBILITY  OF  ^^IIOLE  MILK  COOKED. 
Duralion  of  Prciiminaty  Period,  3  Days.    Digestion  Period,  j  Days. 


In 
dex 
No. 

2416 
2425 

Fresh 
sub- 
stance 

Dry 
sub- 
stance. 

Per 
cent, 
mois- 
ture. 

Protein. 

Fat. 

rnlf  C— Agp,  41  tl.iy-^. 

VI  ilk  fr.l  

grams. 
24,390 
1,040 

Grams. 
3,293 
232 

86.50 
17.60 

Grams. 
817.06 
48.98 

Grams. 
975.60 
13.20 

768.08 
94.00 

962.40 
98.64 

1 

 1 

2427 
2433 

18,714 

3,585 

2,536 
716 

86.50 
72.30 

649.37 
127.87 

767.27 
59  97 

521.50 

80  30 

707.30 
93.18 

2469 
2475 

Calf  5  — Age  44  davs. 
Milk  f.'d   

iB.ri  I 

1.4.-.-> 

2,432 

285 

87.00 
80.36^ 

598.84 
74.93 

711.13 
32.73 

323.91 
87.48 

678.40 
95.39 

Averug^  of  ;»  te.sts  of  cooked 

87.26 
94.79 
7.53 

92.99 
5.73 

95.40 
96.82 
1.42 

94.27 
1.13 

Average  for  milk  P^'stciirized 

Dif.  in  favor  of  I'asteurizec 

FTUST  SERIES. 

In  the  first  series  of  experimcrts  which  was  carried  throtigh  with 
calf  I  the  animal  appeared  to  be  in  perfect  condition  as  regards  its 
health,  and  though  this  was  cur  first  trial  with  the  new  apparatus 
everything  worked  very  smoothly  and  notl  ing  occurred  worthy  of 
note.  The  calf  was  al.-o  in  normal  condition  when  commencing  on  the 
preliminarv  period  with  pastfuiized  rri.k.  When  he  was  put  in  the 
crate  to  collect  the  faeces  his  bowels  were  rrt'.ier  loose,  though  he  was 
not  scouring  and  the  faeces  were  collected  and   dried  for  analysis. 
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MAKYLAXD  AGRICUDTURAL  EXPE'RIMEXT  STATION. 


The  calf's  bowels  had  gotten  in  normal  condition  when  we  commenced 
to  feed  on  cooked  milk  in  the  preliminary  period  and  the  calf  was  in 
apparent  perfect  condition  in  other  respects.  But  at  the  end  of  the 
third  day  of  the  preliminary  period  the  calf  commenced  to  scour  vio- 
lently and  continued  to  do  so  as  long  as  the  cooked  milk  was  fed, 
which  was  about  four  days.  It  will  be  noted  from  the  tables  that  in 
the  raw  milk  96.16  per  cent,  of  the  protein  and  97.06  per  cent,  of  the 
fat  was  digested,  while  with  the  pasteurized  milk  95.51  per  cent,  of  the 
protein  and  96.71  per  cent,  of  the  fat  was  digested ;  a  dififcrence  in  the 
protein  of  .65  per  cent.,  and  in  fat  a  difference  of  .35  per  cent.,  both  in 
favor  of  the  raw  milk.  The  cooked  milk  caused  violent  scouring, 
which  is  a  sign  usually  of  indigestibility.  The  calf  gained  one  pound 
during  the  three  days  he  was  confined  in  the  crate  and  fed  on  raw  milk 
and  gained  three  and  one-half  pounds  in  the  same  time  while  being  fed 
on  pasteurized  milk. 

SECOND  SERIES. 

In  the  second  series  which  was  carried  through  with  calf  No.  2 
the  calf  entered  on  the  preliminary  period  of  feeding  with  raw  milk 
in  perfect  condition  and  continued  in  good  condition  throughout  the 
six  days.  When  put  in  the  crate,  however,  he  worried  considerably 
as  though  objecting  to  being  confined.  This  may  or  may  not  have  had 
some  small  effect  on  the  per  cent,  digested  or  on  the  weight  at  the 
end  of  the  period.  He  was  in  good  condition  when  he  commenced  to 
feed  on  pasteurized  milk  in  the  preliminary  period  and  while  confined 
in  the  crate  during  the  time  was  very  quiet  and  he  appeared  to  be  per- 
fectly normal  in  every  way.  For  the  three  days  of  the  preliminary 
period  of  feeding  cooked  milk  he  appeared  in  perfect  condition,  but 
on  the  morning  he  was  placed  in  the  crate  he  commenced  to  scour  vio- 
lently and  had  to  be  removed.  The  faeces  during  the  time  the  calf  was 
scouring  was  very  thin  and  white,  appearing  much  as  though  the  milk 
had  gone  through  the  calf  without  being  acted  upon  by  the  digestive 
juices.  He  was  confined  in  the  crate  but  one  day  and  was  then  fed  sub- 
nitrate  of  bismuth  to  check  the  scouring,  this  drug  having  proved  very 
efficient  temporarily  in  other  cases  of  scouring.  The  cooked  milk  was 
continued  during  this  time.  The  medicine  had  no  effect  and  the  scour- 
ing continued  until  the  raw  milk  was  substituted  for  cooked  milk 
when  it  stopped  in  a  very  short  time.  The  tables  show  that  97.79  per 
cent,  of  the  protein  and  99.04  per  cent,  of  the  fat  in  the  raw  milk,  and 
93.90  per  cent,  of  the  protein  and  96.39  per  cent,  of  the  fat  in  the  pas- 
teurized milk  was  digested.  This  is  3.89  per  cent,  of  protein  and  2.65 
per  cent,  of  fat  in  favor  of  the  raw  milk.  As  we  noted  it  appeared 
very  much  as  though  the  cooked  milk  went  through  the  calf  without 
being  acted  on  in  the  digestive  tract.  He  gained  nine  pounds  in  three 
days  while  being  fed  raw  milk  and  gained  five  pounds  while  being  fed 
three  days  on  pasteurized  milk. 


TB'E  COM'PARATJVE  DIGKSTIBILITY  OF  MILK. 


THIRD  SERIES. 

The  third  series  was  carried  through  with  calf  No.  i  which  was 
39  days  of  age  at  tlie  beginning  of  tlie  series.  The  calf  was  in  good 
health  at  the  beginning  of  the  preliminary  treatment  with  raw  milk  and 
continued  so  until  the  second  day  he  was  in  the  crate  while  being  fed 
on  raw  milk,  when  his  bowels  were  a  little  loose  but  not  sufficiently  so 
as  to  be  called  scouring  or  to  make  it  inadvisable  to  collect  the  faeces, 
for  that  day.  In  the  feeding  of  the  pasteurized  milk  the  calf  was  in  per- 
fect condition  and  continued  so  throughout  the  six  days.  He  was  in 
good  condition  when  he  commenced  on  the  preliminary  period  with 
cooked  milk,  but  began  to  scour  at  the  end  of  thirty-six  hours  after 
commencing  and  continued  to  scour  three  days,  or  until  raw  millc  was 
substituted.  After  his  bowels  had  got  in  normal  condition  we  again 
started  to  feed  cooked  milk  and  he  again  commenced  to  scour  in  about 
forty-eight  hours  after  the  first  feed.  This  time  the  feeding  of  the 
cooked  milk  was  continued  for  four  days  after  he  commenced  to  scour, 
and  efforts  were  made  to  check  the  scouring  with  drugs,  but  it  con- 
tinued until  raw  milk  was  substituted  for  the  cooked  when  it  stopped 
very  shortly.  The  tables  show  that  70.30  per  cent,  of  the  protein  and 
8975  per  cent.  of  the  fat  fed  in  the  raw  milk  and  94.90 
per  cent,  of  the  protein  and  98.59  per  cent,  of  the  fat  in 
the  pasteurized  milk  was  digested  which  is  24.60  per  cent, 
of  protein  in  favor  of  the  pasteurized  milk.  This  is  so  at 
variance  with  the  results  obtained  in  every  other  case  as  to  be  ab- 
normal and  we  have  not  included  it  in  the  averages.  There  was  evi- 
dently some  disturbing  element  which  we  can  not  accnmt  for,  except 
we  know  that  his  ])owels  were  rather  loose  on  the  second  day  and  that 
he  excreted  an  exceptionally  large  quantity  of  faeces  apparently,  how- 
ever, without  reason.  The  calf  gained  five  pounds  in  three  days  while 
being  fed  on  raw  milk  and  two  pounds  in  three  days  while  receiving 
pasteurized  milk. 

FOURTH  SE'RIES. 

The  fourth  series  was  carried  through  with  calf  No.  3,  which  was 
fourteen  days  of  age  at  the  commencement.  He  was  in  normal  con- 
dition while  fed  on  raw  milk  and  nothing  worthy  of  note  occurred 
during  the  six  days.  He  was  also  in  good  condition  when  we  com- 
menced on  the  preliminary  period  feeding  pasteurized  milk,  but  when 
he  was  put  in  the  crate  he  commenced  to  scour  so  badly  that  he  was 
removed  and  fed  on  raw  milk.  Nothing  more  was  done  for  three 
weeks  when  we  again  commenced  on  the  preliminary  period  feeding 
pasteurized  milk  to  the  same  calf.  His  bowels  appeared  to  be  a  little 
loose  the  first  day  he  was  in  the  crate  but  the  last  two  days  he  was  con- 
stipated the  faeces  being  hard.  This  calf  was  in  good  condition  when 
we  commenced  on  the  preliminary  period  feeding  cooked  milk.  He 
became  badly  constipated  through  the  remaining  four  days.  He  was 
the  first  calf  from  which  we  had  been  enabled  to  collect  the  faeces 
while  being  fed  on  cooked  milk.  The  tables  show  that  95.44  per  cent, 
of  the  protein  and  98.31  per  cent,  of  the  fat  in  the  raw  milk,  93.76  per 
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cent,  of  tlie  protein  ami  <,('■<.  ■■~  ixr  cent,  of  tlic  fat  in  the  pasteurized 
milk,  and  94.00  per  ceni  ■ '■\  tl  i  iirotein  and  98.64  per  cent,  of  the  fat 
in  the  cooked  milk  was  digested.  This  is  in  favor  of  tlie  raw  milk, 
while  more  of  the  sterilized,  than  pastenriz^d  n.idc  was  di,L',i  -ted.  In 
three  da_\  s  while  Ijein^;  fed  raw  milk  the  calf  ,L;"aincd  four  (xounds.  he 
lost  one  ];ound  on  pastenrized  milk  and  neither  gained  nor  lost  while 
being  fed  cooked  milk. 

FIFTH  SKRIF/S. 

The  fifth  series  was  carried  through  with  calf  No.  2,  which  was 
about  two  months  of  age  at  the  time.  He  was  in  good  condition  at 
the  beginning  of  the  feeding  with  raw  milk  and  remained  so  to  the 
end  of  the  period.  He  was  also  in  good  condition  when  we  com- 
menced on  the  prelim inar\'  period  with  pasteurized  milk,  but  at  the  end 
of  the  three  da\-s  his  bowels  were  so  loose  that  we  allowed  him  to  go 
over  another  day  before  confining  in  the  crate,  when  the  trouble  had 
become  sufficiently  corrected  to  warrant  us  collecting  the  faeces.  His 
bowels  remained  a  little  loose,  however,  through  the  entire  time  and 
he  excreted  an  exceptionally  large  amount  of  faeces  which  were  very 
light  colored.  He  was  in  good  condition  when  we  commenced  feed- 
ing cooked  milk,  but  his  bowels  were  a  little  loose  during  the  two  days 
and  he  was  constipated  one  day  while  he  was  confined  in  the  crate. 
The  faeces  were  collected  for  analysis.  The  tables  show  that  93.92  per 
cent,  of  the  protein  and  96.51  per  cent,  of  the  fat  in  the  raw  milk  was 
digested  ;  in  the  pasteurized  milk  89.59  P^r  cent,  of  the  protein  and 
94.40  per  cent,  of  the  fat  was  digested,  while  in  the  cooked  milk  80.30 
per  cent,  of  the  protein  and  92.18  per  cent,  of  the  fat  was  digested.  This 
leaves  a  comparatively  wide  margin  in  favor  of  the  raw  milk.  The  fact 
that  the  calf's  bowels  were  loose  may  have  accounted  for  the  relatively 
small  per  cent,  digested  in  the  cooked  milk.  He  gained  one  pound  on 
raw  milk,  gained  two  pounds  on  pasteurized  milk  and  lost  one  pound 
while  being  fed  on  cooked  milk. 

SIXTH  SERIES. 

The  sixth  series  was  carried  through  with  calf  four  which  was 
twenty-one  days  of  age  at  the  commencement.  He  was  in  perfect 
health  during  the  entire  time  he  received  raw  milk  and  was  also  in 
good  health  apparently  during  the  entire  period  he  received  pasteur- 
ized milk.  He  was  in  good  health  when  we  commenced  to  feed  him 
scalded  milk  but  the  first  day  he  was  in  the  crate  he  scoured  so  badly 
we  were  forced  to  remove  him.  The  tables  show  that  this  calf  digested 
95.68  per  cent,  of  the  protein  and  97.31  per  cent,  of  the  fat  fed  in  the 
raw  milk,  and  94.94  per  cent,  of  the  protein  and  96.  46  per  cent,  of  the 
fat  fed  in  the  pasteurizeil  milk  leaving  a  small  margin  in  favor  of  the 
raw  milk.  During  the  three  days  he  was  fed  on  raw  milk  he  lost  one 
^o'md  in  weight  and  during  the  same  period  of  time  he  was  fed  on 
pasteurized  milk  he  gained  two  pounds. 
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SlCVKXTIl'  SEUIi;S. 

The  seventh  series  was.  carried  thrcni.s^h  with  cah'  5  which  was  14 
■days  old.  He  was  a  little  loose  at  the  coii.incnccnu-iil  ni  tlie  j,rehnii- 
nary  period  with  raw  milk  and  remained  in  tliat  condiiton  tlirougli  the 
six  davs  he  wns  fed*  hut  was  nc^t  scouring  '  i  l'  -  "  '  ''i'-'  col- 
lection of  the  faecLS  inadxisahle.  The  I  ^lored 
during  this  time,    il  is  Imwels  ciMitinued  1  >  ne  was 

fed  pasteurized  milk  in  the  preliminary  peii-.u  l.ni  M  i,  i,r-cted 
when 'he  was  pnt  into  the  crate  tlionsii  the  faeces  c.  ill;  clcd  dn.nng  this 
time  were  Vv^ht  colored.  The  last  day  he  was  in  t'.ie  crr.t:  l;e  ;  cjured 
so  badly  that  the  faeces  w  i  re  nut  collected  and  wc  allowed  the  averag'e 
of  the  two  days  the  faeces  were  collected  to  be  used  as  a  basis  for  cal- 
culating the  results,  lie  was  in  good  condition  whcn  wc  cjmn-cncod 
on  the  preliminary  ])eriod  feeding  cooked  milk.  During  the  ti.nc  he 
was  confined  in  the  crate  the  consistency  of  the  collected  fae:es  was 
very  unnatural,  part  of  each  ])assage  being  ver\-  hard  and  dry  and 
part  very  thin  as  though  tlte  calf  was  scouring  batlly.  _1L'  digested 
80.76  per  cent,  of  the  protein  and  (j-'.^i)  per  cent,  of  fat  in  tiie  raw  n'.iik  ; 
88.33  per  cent,  of  the  ])roteni  and  (ji.02  per  cent,  of  the  fnt  in  the  pas- 
teurized, while  he  digested  87.48  jjcr  cent,  of  the  protein  and  95  ."IQ 
■per  cent,  of  the  fat  in  the  cooked  milk,  which  leaves  a  small  margin  in 
favor  of  the  raw  milk.  His  weight  remained  stationary  for  the  three 
davs  he  was  confined  in  the  crate  while  being  fed  raw  milk,  he  gained 
three  pounds  in  the  same  time  wliilr  being  fed  pasteurized  milk,  and 
gained  four  pounds  while  being  fed  cocjked  milk. 

CONSIDERATION  OF  ALL  AVERAGES  IN  ALL  SEUIES. 

In  reviewing  the  average  results  of  the  seven  series  we  find  the 
digestive  coefficients  are,  with  one  exception,  slightly  in  favor  cf  raw 
whole  milk.  Considering  the  general  character  of  the  miik,  its  Iut'i 
digestibility  and  the  accuracy  of  chemical  methods  used  in  its  analysis, 
the  small  differences  in  milk  differently  treated  are  sufficient  to  war- 
rant drawing  conclusions;  especially  as  the  parallel  results  in  the  same 
series  agreed  so  closely.  These  small  differences,  of  course,  in  ordi- 
narv  digestion  ex]Teriments  with  complex  substances,  like  fodders, 
would  almost  sinijilv  be  within  the  limits  of  error  of  such  u'ork,  anJ 
h.cnce,  indicate  but  little. 

In  the  one  trial  where  the  results  favored  the  pasteurized  miik 
the  variation  in  the  digestibility  of  the  raw  milk  from  what  had  been 
digested  in  the  other  six  trials  v/as  so  great  as  to  make  us  almost  pos- 
itive that  some  disturbing  factor  was  present  which  would  justify  us 
in  excluding  this  from  the  average  results  aufl  from  all  con  i  lera- 
tion  in  this  connection.  Of  the  raw  milk  fed  in  the  six  trials  the  aver- 
aL;o  show  s  that  1)4.70  per  cent,  of  the  j)rotein  and  06.82  per  cent,  of  the 
fat  was  (ligesicd.  Of  the  pasteurized  milk  the  average  of  the  seven 
tiial'^  sli,,\\s  t!\-it  r.2.('X)  inr  cent,  of  the  protein  and  <;4.27  per  cent,  of 
the  fat  was  I'.i.'e.-ted.  W  ith  tlie  tlu^'c  trials  of  cooked  milk  in  w:,i:It 
we  were  able  to  collect  the  faeces  the  average  shows  that  87.26  per 
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cent,  of  the  protein  and  95.40  per  cent,  of  the  fat  was  digested.  Com- 
paring raw  milk  and  pasteurized  milk  we  see  that  1.80  per  cent,  more 
protein  and  2.55  per  cent,  more  fat  was  digested  in  the  raw  than  in 
the  pasteurized.  This  is  a  small  difYerence,  but  the  constant  variation 
in  favor  of  the  raw  milk  in  the  six  trials  considered  makes  the  differ- 
ence as  far  as  practical  with  our  conditions  conclusive  though  small. 
In  comparing  the  raw  milk  with  the  cooked  milk  we  find  7.53  per  cent, 
more  protein  and  1.42  per  cent,  more  fat  digested  in  the  raw  than  in 
the  cooked.  This  is  quite  a  wide  variation  in  the  protein  and  in  view 
of  this  the  comparatively  small  variation  in  the  fat  is  rather  striking. 
The  higher  heat  seems  to  have  a  much  less  influence  on  the  digesti- 
bility of  the  fat  than  on  the  protein.  This  is  rather  to  be  expected, 
however,  as  we  would  suppose  that  heat  would  have  much  more  phy- 
sical ef¥ect  on  the  casein  of  the  milk  than  it  would  on  the  fat.  In  com- 
paring the  pasteurized  milk  with  the  cooked  milk  we  find  that  5.73  per 
cent,  more  of  the  protein  in  the  pasteurized  milk  was  digested  than  in 
the  cooked,  while  1.13  per  cent,  more  fat  in  the  cooked  milk  was  di- 
gested than  in  the  pasteurized.  Here  again  the  fact  that  heat  does 
not  have  as  great  an  etTect  on  the  fat  as  on  the  protein  is  noted.  In 
considering  the  gain  in  weights  we  find  that  the  average  gain  for  the 
three  days  the  calves  were  confined  in  the  crates  where  raw  milk  was 
fed  was  2.7  pounds,  where  pasteurized  milk  was  fed  it  was  1.6  pounds 
for  the  same  time,  and  with  cooked  milk  the  gain  was  one  pound. 
This  variation  was  not  great,  but  it  must  be  remembered  that  it  cov- 
ered a  period  of  only  three  days.  It  is  well  to  notice  that  the  average 
in  all  instances  showed  some  gain,  though  a  few  individual  animals 
lost  slightly. 

In  the  experiments  the  results  of  feeding  cooked  milk  to  the 
calves  was  unexpected  and  widely  difYerent  from  the  established  theory 
in  regard  to  the  action  of  such  milk  on  the  animal  stomach.  Cooked 
milk  is  usually  supposed  to  cause  constipation,  and  it  is  often  advoca- 
ted as  a  cure  for  scours  in  calves.  Instead  it  seemed  to  have  the  oppo- 
site effect  when  fed  to  the  calves  used  in  this  experiment.  As  has 
been  noted,  out  of  the  seven  trials  in  feeding  cooked  milk,  four 
cases  of  severe  scouring  resulted.  So  pronounced  and  unusual  were 
the  results,  that  we  determined  to  make  repeated  trials,  and  so  in  the 
early  part  of  our  work  cooked  milk  was  fed  to  six  different  calves  and 
resulted  in  scouring  all  of  them.  We  had  considerable  trouble  with 
scours  at  about  this  time  among  the  calves  we  were  not  using  in  the 
experiments,  but  in  only  one  instance  did  the  calf  receiving  raw  whole 
milk  in  the  experiment  scour  so  badly  that  we  could  not  collect  the 
faeces,  and  there  was  also  a  similar  instance  with  the  pasteurized  milk, 
while  in  the  cooked  milk  the  calves  repeatedly  scoured,  even  when 
drugs  were  given  to  prevent  it.  At  another  period  in  the  experiments 
when  the  calves,  as  a  whole,  were  not  scouring  we  tried  feeding  cooked 
milk  again,  and  it  was  at  this  time  that  we  succeeded  in  getting  three 
of  them  to  go  through  the  six  days  of  experiment  without  scouring. 
In  two  other  trials  not  recorded  the  calves  did  not  scour,  and  in  three 
trialr  at  about  the  same  time  they  did  scour.    It  seemed  as  though 
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there  was  a  tendency  among  the  calves  to  scour  and  the  trouble  was 
aggravated  when  the  calf  was  fed  cooked  milk.  Where  there  was  not 
such  a  marked  tendency  to  scour  the  faeces  would  be  hard  and  dry 
when  cooked  milk  was  fed. 

A  comparison  of  the  results  obtained  with  the  calves  and  those 
obtained  in  feeding  milk  to  dogs  and  children  may  be  interesting.  In 
the  experiments  recorded  in  tables  i  and  2  where  the  milk  was  fed  to  a 
dog  at  different  periods  of  its  growth,  about  87  per  cent,  nitrogen 
and  95  per  cent,  of  the  fat  of  raw  milk  was  digested.  In  cooked  milk 
fed  to  dogs  84  per  cent,  of  the  nitrogen  and  95  per  cent,  of  the  fat  was 
digested.  In  the  work  of  Koplik  with  infants  96.6  per  cent,  of  the 
protein  was  digested  in  the  raw  milk,  95.4  per  cent,  of  the  protein  in 
the  pasteurized  milk  was  digested  and  in  the  cooked  milk  95.5  per 
cent,  of  the  protein  was  digested.  In  our  work  with  the  calves  94.8 
per  cent,  of  the  protein  and  96.8  per  cent,  of  the  fat  in  the  raw  milk  was 
digested ;  in  the  pasteurized  milk  93  per  cent,  of  the  protein  and  94.3 
per  cent,  of  the  fat  was  digested ;  and  in  the  cooked  milk  87.26  per 
cent,  of  the  protein  and  95.4  per  cent,  of  the  fat  was  digested.  Some 
unexpected  peculiarities  are  shown  in  these  figures,  not  the  least  of 
which  is  the  fact  that  the  infants  fed  on  cow's  milk  seemed  to  be  able 
to  digest  a  far  greater  per  cent,  relatively  than  the  dog ;  and  it  must 
be  remembered  that  these  infants,  one  especially,  were  in  the  hospital 
because  of  sickness  while  the  dog  was  in  perfect  health.  This,  by 
many,  will  be  regarded  as  being  strange  as  dogs  are  supposed  to  be 
provided  with  very  strong  digestive  organs  and  would  be  supposed 
to  be  able  to  make  use  of  a  relatively  large  portion  of  the  food  eaten. 
Another  strange  fact  is,  that  the  infants  digested  a  greater  per  cent, 
of  the  protein  fed  than  the  calves  when  the  cow's  milk  is  a  foreign 
food  for  the  infant  and  is  the  natural  food  of  the  calf.  This  also  is  em- 
phasized by  the  fact  that  the  calves  were  in  perfect  health  and  one  of 
the  infants  was  not.  The  difYerence  in  the  per  cent,  digested  was  not 
great,  but  the  wonder  is  that  it  was  not  largely  in  favor  of  the  calves. 
The  comparison  of  the  per  cents  of  protein  and  fat  digested  by  infants, 
calves  and  dogs  can  be  seen  in  table  11. 

TABLE  II. 


Comparative  Per  Cent,  of  Protein  and  Fat  of  Raw  Milk  Digested  when 
Fed  to  Infants,  Calves  and  Dogs. 

Subject  used.             Per  cent,  protein.  Per  cent.  fat. 

digested.  digested. 

Infants,   96.6   

Calves,   93.7  96.46 

Dogs,   87.2  95.00 

PASTEURIZING  AT  140  DEGREES  F. 

As  was  noted  before,  Russell  and  Farrington  of  the  Wisconsin 
Experiment  Station  found  that  milk  could  be  heated  to  140  degrees 
F.  without  the  perceptible  physical  effect  on  certain  of  its  properties 
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TABLE  12. 

DIGESTIBILITY  01'  WHOLE  MILK 

Duraiion  of  Preliviinary  Period,  j  Days.     Digestive  Period,  j  Days. 


In- 
dex 
No. 


Fresh 
sub- 
stance. 


Calf  9— Age  41  days. 

3540  Milk  fed  

8543  Total  excreted  , 


grams 
18,714 
700 


Digested  

Per  cent,  digested. 


Dry 
sub- 
stance. 


grams 
2.536 


Per 
cent, 
mois- 
ture. 


86.50 
65.78 


grams,  grams. 
641.89!  748.5& 
46.27|  34.16 

593  62:  714.40 
92.79  95.43 


Calf  8— Age  46  days. 
2455  Milk  fed  


18,714 
970 


86.50 
74.97 


Digested   

Per  cent,  digested. 


617.56  767.27 
46.26  16.97 


571.30  750.30 
92.50  97.78 


Average,  two  tests. 


92.64 


TIIF;  COMPAP.ATIVK  DIGKSTICIIJTV  OF  MII.K. 


TABLE  13. 

DIGKSTlftlf.lTY  OF    WIIOI-K    MII.K  I'.VSTFUiaZF.D  140  DEGRFKS  F.-:!0 
JilNUTFS. 


Duration  of  Preliminary  Period,  j  Days.      Digestive  Period,  j  Days 


In- 
dex 
No. 

2560 
256G 

Fresh 
sub- 
stance. 

Dry 
sub- 
stance. 

Per 
cent, 
niois- 

Protein. 

Fat. 

Calf  9-Age  47  days 

Millr  fffl 

grams. 
18,714 
810 

grams. 
2,5a(5 
201 

80  50 
75. 12 

grams. 
589.59 
40.73 

542.76 
92.07 

grams. 
748.50 
30.61 

717.95 

95.50 

2568 
2571 

Calf  8-Age  54  days. 
Milk  fed  

18,714 
1,240 

2,530 
249 

80  50 
79.93 

C25.04 
50.22 

7^8.50 
16.86 

1 

574.82 
91.90 

731  70 
97.73 

Average  2  times,  pasteurized 

92  01 
92.64 

.03 

90.61 
96.10 

—  .51 

Protein  difference  in  favor  01 

FIIiST  SEUIES. 

The  firs)  series  was  carried  throng-h  with  calf  0.  The  call  wa^  in 
perfect  hcaltli  all  llirdugh  llie  fee(hng  with  raw  milk,  and  a^  far  as 
could  be  seen  ex-erxllnn;.;  was  noianal.  He  was  ako  in  gnnd  sluipe 
when  he  started  on  the  pre.  liniinary  period  with  j^a.^ienrized  nnlk  btit 
the  faeces  c<.Jleeled  were  hard  and  drv.  As  can  he  ^een  by  the  table 
92.29  per  cent,  of  the  protein  and  05.40  jier  cent,  nf  the  fat  in  the  pas- 
teurized milk  was  dioested..  'idn^  is  hnt  .Jo  ]  e'-  cent,  in  favor  of  the 
raw  milk  in  the  case  of  tlie  ])rotein  and  i^  j.^i)  [)er  cent,  in  favor  of  the 
pasteurized  milk  in  case  of  the  fat. 

SECOND  SERIES. 

The  second  series  was  carried  tlirough  with  calf  8,  which  was  46 
days  old  at  the  commencement  of  the  trial.  Tiiis  calf  was  in  perfect 
health  durino-  the  trials,  both  with  the  raw  and  witli  the  pasteurized 
milk,  and  aside  from  the  manure  being  a  little  hard  in  both  cases  every- 
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thing  was  apparently  normal.  The  tables  show  that  92.50  per  cent,  of 
the  protein  and  97.75  per  cent,  of  the  fat  in  the  raw  milk  was  digested ; 
and  91.96  per  cent,  of  the  protein  and  92.23  per  cent,  of  the  fat  in  the 
pasreurized  milk  was  digested.  This  is  .54  per  cent,  of  protein  in  favor 
of  the  raw  milk,  while  the  per  cents  of  fat  were  about  even. 

The  average  variation  in  these  two  trials  was  .63  per  cent,  of  the 
protein  in  favor  of  the  raw  milk  and  .51  per  cent,  of  the  fat  in  favor  of 
the  pasteurized  milk.  Between  the  milk  pasteurized  at  167  degrees  F. 
for  ten  minutes  and  the  raw  milk  fed  in  the  same  series  there  was  a 
difference  of  1.80  per  cent,  of  the  protein  in  favor  of  the  raw  milk.  With 
milk  pasteurized  at  140  degrees  F.  for  thirty  minutes  there  was  a  dif- 
ference of  but  .63  per  cent,  of  protein.  With  the  fat  there  was  a  diflfer- 
ence  of  2.55  per  cent,  in  favor  of  the  raw  milk  in  the  first  case  and  a  dif- 
ference of  .51  per  cent,  in  favor  of  the  pasteurized  milk,  with  milk  pas- 
teurized at  140  degrees  F.  for  thirty  minutes. 

These  dif?erences  found  in  the  digestibility  are,  of  course,  not  rel- 
atively great,  but  smallest  difiference  is  found  in  the  milk  pasteurized 
at  140  degrees  F.  for  thirty  minutes,  and  judging  from  these  trials  it 
is  reasonable  to  suppose  that  if  pasteurizing  milk  for  infant  use,  is  a 
positive  injury,  and  is  resorted  to  simply  as  the  less  of  two  evils,  milk 
pasteurized  at  the  lower  temperature  would  be  the  least  injurious 
and  consequently  to  be  preferred.  As  has  been  said  before,  there  are 
certain  physical  changes  noticeable  in  milk  pasteurized  at  150  degrees 
F.  and  above,  which  are  not  found  in  milk  pasteurized  at  140  degrees 
F.  Milk  pasteurized  at  150  degrees  F.  and  above  always  has  some- 
thing of  a  cooked  flavor,  and  this  temperature  also  destroys  the  body 
of  cream,  making  it  thinner  and  less  viscous.  This  has  always  been 
considered  as  undesirable,  and  as  pasteurizing  at  140  degrees  F.  does 
not  have  this  efYect  it,  for  this  reason,  would  be  a  more  favorable  tem- 
perature to  use.  As  was  admitted,  the  age  of  the  calves,  and  the  fact 
that  the  experiment  was  carried  through  but  twice  is  unfortunate,  but 
the  results  from  the  two  experiments  were  practically  the  same  and 
will  be  accepted  by  many  as  being  conclusive  for  the  conditions. 

While  the  pasteurizing  was  being  done  bacteriological  tests  of 
the  milk  were  made  in  a  number  of  instances  to  determine  the  effi- 
ciency of  the  work  done. 

The  two  following  tables,  13  and  14,  will  show  this  to  good  ad- 
vantage. One  sample  was  taken  just  before  heating  the  milk  and 
another  was  taken  as  soon  as  the  milk  had  been  heated  for  the  neces- 
sary time,  and  before  it  was  cooled : 
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TABLE  14. 

MILK  PASTEURIZED  AT  167  DEGREES  F.  FOR  TEN  MINUTES. 

No.  germs  per  cc  No.  germs  per  cc  Per  cent,  of 

before  pasteurizing.       after  pasteurizing.       germs  killed. 


I  St  trial   12,740  270  98. 

2nd  trial   13,520  210  98.5 

3rd  trial                      8,320  120  98.6 

4th  trial   19,890  180  99.1 

5th  trial   37440  90  99.8 

Average  98.8 


TABLE  15. 

MILK  PASTEURIZED  AT  140  DEGREES  F.  FOR  THIRTY  MINUTE'S. 

No.  germs  per  cc  No.  germs  per  cc  Per  cent,  of 

before  pasteurizing.       after  pasteurizing.       germs  killed. 


1st  trial                       70,980  1,300  98.3 

2nd  trial   1,662,000  .       2,860  99.8 

3rd  trial                       130,130  1,740  98.7 

.  4tli  trial                       244,176  544  99.8 

5tli  ti'ial  113-712  1,590  99-6 

6th  trial                       321,776      ^  2,020  99.4 

Average  99.2 


Five  determinations  were  made  with  the  milk  pasteurized  at  167 
degrees  F.,  and  six  trials  with  the  milk  pasteurized  at  140  degrees  F., 
and  the  tables  show  that  w4iile  both  were  reasonably  efficient,  the  pas- 
teurizing at  140  F.  for  thirty  minutes  was  more  so  than  at  167  degrees 
V.  for  ten  minutes.  This  milk,  before  pasteurizing,  was  allowed  to 
stand  from  about  5.30  in  the  morning  until  7.30  without  cooliiig,  when 
the  first  sample  for  analysis  was  taken.  This  accounts  for  the  com- 
paratively large  number  ol  germs  in  the  milk  before  heating.  The  pas- 
teurizing at  167  degrees  F.  was  done  during  the  cold  weather  of  win- 
ter, and  the  pasteurizing  at  140  degrees  F.  was  done  in  the  spring  when 
the  weather  was  warmer,  which  accounts  f(^r  the  greater  number  of 
germs  in  the  impasl euri/i'd  milk  at  the  latter  period. 
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DIGESTIBILITY  OF  SKIMMILK. 

While  we  are  working  on  the  digestibihty  of  milk  there  were  sev- 
eral problems  which  impressed  us  as  being  worthy  of  investigating, 
and  one  of  these  was  the  digestibility  of  skimmilk.  Enormous 
quantities  of  skimmilk  are  taken  from  the  creameries  of  the 
country  every  year  and  fed  with  good  results  to  hogs  and  young 
calves.  Among  families  where  nnly  one  cow  is  kept  or  where  there 
is  a  tendency  to  be  economical  in  saA  ing  the  cream  for  table  use  or 
butter  making,  the  skimmilk  is  used  for  drinking,  and  many  small 
children  receive  a  large  share  of  their  nourishment  in  this  way.  That 
skimmilk  is  nourishing  has  never  been  denied  except  in  a  few  instan- 
ces where  ignorance  has  led  to  the  claim  that  separator  skimmilk  was 
so  poor  as  to  be  unfit  for  use.  It  is  palatable,  to  many  even  more  pal- 
atable than  the  whole  milk,  and  its  wholesale  use  makes  it  interesting 
U)  know  if  the  removal  of  the  fat  from  the  otlier  constituents  causes 
the  latter,  especially  the  protein  to  be  an  \-  harder  to  digest- than  they 
are  when  the  whole  milk  is  consumeil.  T(j  determine  this  point  as  far 
as  it  could  be  done  with  calves  we  determined  to  make  three  trials 
along  practically  the  same  lines  as  we  had  ilone  in  testing  the  diges- 
tibility of  raw,  pasteurized  and  cooked  milk.  The  milk  from  the  two 
cows  which  su])plied  the  milk  for  the  ])re\  ious  ex])eriments  was  sep- 
a,rated  alone,  the  quantity  of  fat  left  in  the  skinnniik  being  about  .i 
per  cent.  The  milk  was  subjected  to  chemical  analysis,  the  same 
quantity  by  weight  was  fed,  and  everything  was  carried  through  in 
practically  the  same  way  that  it  had  been  before,  with  the  excei)tion 
that  the  small  quantity  of  fat  left  in  the  milk  was  not  taken  into  consid- 
eration, no  analyses  being  made  for  fat,  either  in  milk  or  faeces.  We 
fed  no  whole  raw  milk  to  these  calves,  believing  that  the  average  re- 
sults obtained  in  feeding  the  raw  milk  in  the  other  experiments  would 
do  for  comparison  with  the  results  obtained  in  the  skimmilk. 
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TABLE  i6. 

DIGESTIBILITY   OF  SKIM'MILK. 


Duraiion  of  Preliminary  Period,  j  Days.     Digestion  Period,  3  Days. 


In- 
dex 
No. 

2481 
2487 

Fresh 
stance. 

grams. 
18,714 
875 

Dry 
sub  • 
stance. 

Per 
cent, 
mois- 
ture. 

Fat. 

Q^jf  g  Age  14  days. 

Milk  fed 

grams. 
1,777 
157 

90.50 
82.00 

^645!  63 
30  63 

grams. 

l^ie-ested 

615.00 
95.24 



2488 
24il3 

Milk  fed  

12  576 
525 

1,204 
118 

90.50 
77.40 

427J58 
24.20 

1 

403.36 
94.34 

2494 
2497 

Calf  7— Age  15  days. 
Milk  fed  

18,714 
775 

1,777 

14,360 

99  .50 

fid.*;  .f;a 

81  47  37.82 

607.71 
94.14 

Average  for  3  trials  with  skim- 

94.57 
94.79 

.22 

Average  for  raw  milk,  whole 
Difference  in  favor  of  raw  milk, 

The  first  trial  was  made  with  calf  6,  which  was  fourteen  days  old 
at  the  time.  The  calf  was  in  good  healtli  in  every  way  apparently,  but 
when  he  was  put  in  the  crate  he  worried  ver\-  much  and  continued  to 
do  the  same  until  he  was  removed  at  the  end  of  the  tiu-ee  days.  He 
lost  six  pounds  in  the  three  days  he  was  kept  in  the  crate  and  it  was 
likely  that  the  worrying  was  largely  the  cause  of  it.  The  table  shows 
that  it  digested  95.24  per  cent,  of  tlie  protein  fed  in  the  milk. 

The  second  trial  was  carried  through  with  calf  5  which  was  fifty- 
one  days  old  at  the  time.  He  was  in  good  health  at  the  beginning 
of  the  preliminary  period  but  when  we  commenced  to  collect  the  faeces 
the  first  day  they  were  thin,  though  not  sufficiently  so  to  say  that  the 
calf  was  scouring.  The  second  day  the  calf  was  still  loose  and  the 
third  day  he  was  very  loose.   The  table  shows  the  calf  to  have  digested 
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94.34  per  cent  of  the  protein  in  the  milk  fed.  He  lost  one  pound  in 
the  three  days  he  was  confined  in  the  crate. 

The  third  trial  was  carried  through  with  calf  7,  which  was  15  days 
old  at  the  commencement  of  the  preliminary  period.  He  was  in  per- 
fect health  during  the  entire  six  days  and  everything  went  through 
without  incident.  The  table  shows  that  he  digested  94.14  per  cent, 
of  the  protein  in  the  milk  fed.  He  lost  two  pounds  in  weight  during 
the  two  days  he  was  confined  in  the  crate. 

The  average  per  cent,  of  protein  digested  in  these  trials  was  94.57. 
The  average  of  the  raw  whole  milk  fed  in  the  seven  trials  given  in  table 
8  was  94.79  per  cent.  This  is  a  very  small  fraction  in  favor  of  the  raw 
milk  though  not  sufficient  to  be  considered  and  well  within  the  limits 
of  error.  The  most  noticeable  feature  in  these  trials  was  the  loss  in 
weight  in  every  calf  used  while  confined  in  the  crate.  This  was  to  be 
expected,  however,  when  feeding  them  milk  which  had  practically  al- 
most aFl  the  fat  removed,  in  the  same  quantities  that  the  raw  whole 
milk  had  been  fed  in  previous  experiments.  Judging  from  these  trials 
removing  the  fat  does  not  decrease  the  digestibility  of  the  protein  of 
the  milk. 

The  following  table  16,  puts  in  tabulated  form  the  weight  at  the 
beginning  and  at  the  end  of  each  experiment  with  the  resulting  gain 
or  loss.  Each  calf  was  weighed  just  before  being  put  into  the  crate 
and  again  at  the  end  of  the  three  days'  period  in  the  crate.  The  almost 
universal  gains,  show  conclusively,  that  the  calves  used  were  in  a 
healthy  condition  and  were  not  materially  affected  by  being  forced  to 
remain  in  an  upright  position  for  three  days.  Where  there  was  a  no- 
ticeable gain  in  weight  in  the  three  days  it  is  reasonable  to  suppose 
that  the  calf  was*  in  perfect  health.  • 
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TABLE  17. 

WEIGHTS  OF  CALVES    AT    THE  BEGINNING  AND  END  OF  DIGESTION 
PEKIODS. 


Kind  of  Milk  Fed. 


Weight 
I  at 

Calf.   Trial.  begin- 
1  ning. 
lbs. 


Weight 
at  end 
of  3 

days, 
lbs. 


Raw  Whole  (2313)  Calf  1-lst  trial. 


(2345). 
(2353) 
(3382) 
(3391). 
(2434). 
(2441). 


2-  lst 

1-  2nd 

3-  lst 

2-  2nd 

4-  lst 

5-  lst 


Average  gain  in  seven  trials. 


Pasteurized  167  for  10  min.  (2324)..  Calf  1-lst  trie 

 '  "  (2363)..  "  2  1st  " 

"     "   "  "  (2372)..!  "  l-2nd  " 

"     "   "  "  (2400)..!  "  3  1st  " 

"     "   "  "  12409)..  I  "  2-2nd  " 

"     "   "  "  (2449)..,  "  4-lst  •' 

"     "   "  "  (2462)..  "  5-lst 


Average  gain,  seven  times. 


Cooked  (2416). 

(2427). 
(2469). 


Calf  3-lst  trial. 
3-lst  " 
5-lst  " 


Average  gain,  three  times. 


Skimmed  (2481). 

(2488). 
(2494). 


Average  loss,  three  times. 


Calf  6-lst  trial. 
5-lst  " 
"    7-lst  " 


Whole  Past.  140  for  30  min.  (2560)..  Calf  9-lst  trial. 


(25G8).. 


Average  gain,  two  times. 


8-lst 


78 
122 

87 
116 

88 

79 


95.5 

88 
128 
120 
137 

94 

79 


118 
142 
94 


127 

96 
100 


119 
127 


95 
87 

127 
91 

117 
87 
79 


99 
93 
130 
119 
134 
96 
83 


118 
141 

98 


121 
95 


Gain  in 
3  days, 
lbs. 


117 
131 


The  following  table  gives  a  summary  of  the  average  digestibility 
of  the  protein  and  fat  of  the  milk  used  in  each  experiment,  and  brings 
the  results  together  so  as  to  make  easy  their  comparison. 
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TABLE  i8. 


DIGE.^TIOX    COEFFICIENTS   OF   MILK  DIFFERENTLY  TREATED. 


Kind  of  milk.                                Per  cent,  digested. 

Protein.  Fat. 

Raw  whole  milk                                                    9479  96.82 

Whole  milk,  pasteurized  167  degrees  for  10  minutes  92.99  94.27 

Whole  milk,  cooked                                                87.26  95-40 

Skimmed  .nilk  '94-57   

Whole  milk,  raw                                                    92-64  96.10 

Whole  milk,  pasteurized  140  degrees  for  30  minutes  92.01  96.61 
Calves  over  six  weeks  old. 


The  average  results  obtained  in  our  work  give  an  interesting 
study  covering  the  actual  digestibility  of  milk.  It  is  almost  always 
stated  by  authorities  on  such  subjects  that  milk  is  entirely  digestible. 
Theoretically,  perhaps,  it  is  as  it  contains  none  of  the  material  which 
is  recognized  as  the  indigestible  part  of  grains  and  fodders.  In  prac- 
tical work,  however,  there  is  found  to  be  a  relatively  large  portion 
indigestible.  In  the  work  recorded  in  this  bulletin  the  digestibility  of 
the  milk  fed  would  average  about  93  per  cent,  with  the  protein  and  a 
little  higher  with  the  fat,  some  of  the  per  cents,  being  much  lower  than 
this  in  individual  cases.  It  is  likely  that  had  a  smaller  portion  of  milk 
been  fed  a  larger  per  cent,  would  have  been  digested,  and  by  reducing 
the  amount  to  the  minimum  required  to  sustain  life  it  is  possible  that 
practically  all  fed  would  have  been  utilized  in  the  system.  But  where 
sufficient  milk  is  fed  to  insure  substantial  growth,  nearly  one-tenth  of 
the  dry  substance  is  undigested. 


•  CONCLUSIONS. 

1.  Raw  milk  is  more  easily  digested  when  fed  to  calves  than 
either  pasteurized  or  cooked  milk. 

2.  Contrary  to  theory,  cooked  milk  when  fed  to  the  calves  used 
in  these  experiments  caused  violent  scouring  in  the  majority  of  trials. 

3.  A  majority  of  physicians  in  charge  of  children's  hospitals  cor- 
responded with,  favored  the  use  of  raw  milk  for  infants  when  the  milk 
is  known  to  be  in  perfect  condition,  but  favored  pasteurized  milk  under 
ordinary  conditions. 

4.  With  one  exception  all  the  physicians  corresponded  with  dis- 
courage the  use  of  copked  or  sterilized  milk  for  infant  feeding. 

5.  Skimmilk  was  found  to  be  as  digestible  as  whole  raw  milk. 
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THE  DEHORNING  OF  STOCK. 


By  C.  F.  Doane. 


INTRODUCTION. 


In  presenting  a  bulletin  on  this  subject  at  this  time  it  is  not 
intended  to  give  any  new  or  orig-inal  facts,  but  merely  to  place  on 
record  the  observations  that  have  been  made  at  this  station  in  con- 
nection with  dehorning-,  and  also  to  supply  the  information  which  is 
frequently  requested  concerning  the  methods  for  dehorning,  especially 
directions  for  the  use  of  chemicals  on  calves  to  prevent  the  growth 
of  horns. 

HISTORY. 

The  first  dehorning  in  this  country,  on  a  large  scale,  of  which 
there  is  any  record,  was  done  by  an  Illinois  farmer,  who  was  engaged 
in  the  production  of  beef  cattle.  Previous  to  this  there  had  been 
sufficient  experience  in  the  necessary  surgical  work  of  veterinarians 
to  know  that  the  horns  could  be  removed  from  a  mature  animal 
without  any  particular  danger  to  its  life.  At  different  places  in  Europe 
dehorning  had  been  practiced  for  a  number  of  years  and  it  is  very  likely 
that  it  was  the  reports  from  these  places  that  first  led  to  the  practice 
in  this  country.  It  was  not  long  after  the  first  dehorning  in  Illinois 
that  its  advantages  were  realized  and  the  practice  spread  rapidly. 
The  beef  herds  were  the  first  dehorned,  and  then  the  dairy  herds, 
as  it  was  seen  that,  at  times,  horns  were  a  disadvantage  among  milk- 
ing stock.  The  idea  spread  east  and  west,  to  some  extent,  and  now, 
in  any  part  of  the  country,  herds  of  dehorned  cattle  are  a  familiar 
sight;  while,  in  the  middle  West,  antong  the  large  beef  raisers  and 
even  among  the  dairymen,  the  great  majority  of  the  herds  are  de- 
horned. Especially  is  this  true  among  the  working  herds  of  cattle.  In 
show  herds  the  consideration  of  the  natural  appearance  of  the  animal 
retain  the  horns. 

ADVAOTAGES  AND  DISADVANTAGES. 

The  horns  of  cattle  were  evidently  given  to  them  as  a  means  of 
defense.  With  their  domestication  the  need  of  horns  has  entirely 
Idl.'^appeared,  and,  in  fact,  the  horns  in  most  cases  are  a  positive  injur v 
to  the  herd  and  are  certainly  a  menace  to  the  attendants  as  well  as 
uiaVing  the  here}  less  economical  in  a  number  of  ways.    In  the  rais- 
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ine  of  all  kinds  of  stock,  the  well  being  of  the  individuals  of  the  herd 
is  always  the  first  considcratioii,  but  in  a  herd  where  all  the  cattle  have 
horns  it  is  a  rather  common  occurrence  for  one  of  them  to  be  injured 
by  hooking-  from  another  animal.  It  may  be  nothing  more  than  a 
gash,  but  it  is  painful  to  the  animal  receiving  it,  injures  the  hide,  and 
in  some  cases,  may  prevent  growth  for  a  time.  Sometimes  a  valuable 
cow  or  steer  is  killed,  an(l  where  horses  and  cattle  are  allowed  to 
run  together,  as  they  often  are,  it  is  very  common  for  a  horse  to  be 
killed  or  severely  injured  liy  being  hooked.  In  the  feed  lot  there 
is  a  material  economy  of  s])ace  by  having  cattle  without  horns.  Less 
shed  room,  and  not  so  much  trough  or  manger  space,  is  required. 
Especially  is  this  true  where  a  few  in  the  herd  are  unusually  vicious 
as  is  often  the  case,  and  where  there  are  a  few  timid  animals,  twice 
as  much  space  is  required  to  insure  that  the  timid  ones  shall  receive 
their  fair  share  of  fed  and  slielter.  Where  all  the  members  of  the  herd 
are  without  horns  fattening  steers  will  stand  as  closely  around  a  feed 
box  as  thev  can  l)e  packed,  and  the  shed  room  required  is  determined 
by  the  actual  space  needed  by  each  animal  for  its  comfort.  The  timi'i 
ones  in  the  herd  soon  learn  that  the  others  can  cause  them  no  pain, 
and  the  bosses  find  that  it  requires  too  much  of  an  efYort  to  keep 
the  others  on  the  ir.ove  ;  and  the  result  is  a  more  peaceful  herd  which 
fattens  more  evenly  with  considerably  less  space. 

With  dairy  cows,  which  spend  a  large  share  of  their  time  in 
stables,  the  greatest  objection  to  horns  are  from  the  injury  which 
may  be  sufYered  b}'  attendants.  In  caring  for  milking  cows  it  is 
necessary  to  come  very  close  to  the  heads  of  the  animals,  and  in 
tossing  the  head  around  cither  in  fright  or  in  fighting  flies,  there 
is  danger  of  the  attendant  being  struck  in  the  face  and  painfully  in- 
jured. The  cows  often  injure  eacli  (Tther  too,  and  taking  it  all  in  all 
make  a  quieter  herd  if  they  are  without  horns. 

The  necessity  of  having  the  horns  removed  from  bulls,  especially 
if  they  are  allowed  to  run  loose  a  part  of  the  time,  is  being  contin- 
ually called  to  mind.  In  very  few  instances  have  the  numerous  deaths, 
caused  by  vicious  bulls,  been  caused  by  one  without  horns.  Bulls, 
as  they  advance  in  age,  are  very  prone  to  1)ecome  ugly  and  hard  to 
manage;  but  if  their  horns  are  removed,  thev  realize  that  they  are 
deprived  of  their  natural  weapon?  and  are  much  less  likely  to  attempt 
to  injure  anyone.  If  they  do  a'.lempt  it,  while  thev  may  be  able  to 
severely  bruise  a  grown  man,  they  are  very  unlikely  to  kill  him 
outright. 

There  are  three  arguments  which  have  been  m-ged  against  de- 
horning. It  is  claiiiud  that  the  dehorning  of  mature  animals  causes 
such  intense  suffering  that  rt  should  ne\er  he  practiced.  Again  it 
is  claimed  by  some  very  pr(yminent  dair\ men  that,  as  the  dairy  cow 
possesses  a  verv  highly  organized  nervous  ^v^lem,  the  removal  of 
the  horns  may  in  some  way  jK'rmanentlv  injure  lu-r  dair\  ((ualities  : 
and  -^tiH  fithers  would  allow  the  horns  to  rciii.im  iluir  removal 
injures  the  heaiUy  of  the  animal  to  a  certain  extent.  I'Ims  latter  ar- 
gument may  and  does  interest  men  who  are  raising  highlv  bred  stock 
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for  selling  purposes,  but  to  the  majority  of  dairymen  the  question 
of  the  appearance  of  the  cow  is  very  remotely  a  secondary  one.  They 
are  interested  almost  solely  in  the  economic  aspects  of  the  case. 
On  the  other  hand  many  breeders  have  expressed  a  preference  for 
polled  cattle  and  to  meet  this  demand  there  have  been  attempts  to 
establish  ])ollcd  varieties  uf  some  of  the  well  known  breeds.  This  is 
accomplished  by  selecting  sports  without  horns  which  are  occasionally 
dropped  in  all  breeds,  or  by  crossing  the  breed  with  one  of  the  well 
known  polled  breeds.  The  horns  are  very  easily  bred  off  the  animal. 
The  polled  Durhams  are  becoming  to  be  quite  an  important  breed, 
and  there  is  also  a  tew  herds  of  polled  Jerseys.  It  is  p(.)ssil)k',  that  in 
time,  these  varieties  may  almost  entirely  supplant  the  original  breeds. 

Dehorning  may  possibly,  as  suggested,  injure  the  dairy  qualities 
of  the  cows,  but  the  probability  of  its  doing  so  is  rather  remote  and 
the  great  majority  of  the  smaller  dairymen  are  more  interested  in  the 
immediate  effects  of  the  operation.  That  the  removing  of  the  horns 
from  the  mature  animal  causes  great  suffering  for  the  period  of  the 
operation  cannot  be  doubted,  but  it  is  also  true  that  a  herd  with 
horns  cause  each  other,  and  especially  the  weaker  ones,  more  suf- 
fering in  the  course  of  time  than  the  removal  of  the  horns 
possibly  could  cause.  Just  how  great  and  prolonged  is  the  pain  from 
sawing  or  clipping  the  horns  is  difficult  to  ascertain  with  any  degree 
of  exactness.  In  a  number  of  instances,  humane  societies  have  insti- 
tuted proceedings  against  owners  of  herds  for  having  them  dehorned. 
In  this  country  these  suits,  as  far  as  we  have  been  able  to  find  out,  have 
always  resulted  in  the  acquittal  of  the  accused  party.  One  man  in 
Canada  was  convicted  and  fined,  but  the  affair  led  to  the  appointment 
of  a  commission  which  investigated  the  matter  thoroughly,  and  re- 
ported that  dehorning  was  justifiable.  This  put  an  end  to  all  such 
prosecutions  in  Canada.  It  is  unlikely  that  dehorning  causes  more 
pain  than  the  castration  of  calves,  pigs  and  colts,  which  is  for  a  purely 
economic  reason  and  is  never  questioned  as  being  inhuman. 

With  our  knowledge  of  fattening  cattle,  and  especially  of  milking 
cows,  we  would  consider  that  the  effect  on  the  gain  in  weight  of  the 
steers,  or  in  the  milk  yield  of  the  cows  would  be  some  indication  of 
the  immediate  effect  of  dehorning.  The  removal  of  the  horns  is  cer- 
tainly more  or  less  a  nervous  shock  to  the  animal.  If  this  shock  is 
great  enough,  it  would  check  the  growth  of  the  steer.  Those  who  are 
familiar  with  the  better  class  of  dairy  cows  know  that  they  have  a  very 
highly  organized  nervous  system,  and  any  shock  to  the  nerves  would 
show  immediately,  both  in  the  quantity  and  quality  of  milk  produced. 
Any  excitement  in  a  herd  has  this  same  effect,  so  that  any  material 
change  in  the  quantity  and  quality  of  the  milk  at  the  time  of  dehorn- 
mg  could  be  considered  to  be  due  either  to  the  dehorning  or  the  at- 
tendant excitement. 
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EFFECTS  OF  DEHORNING  RECORDED   AT   SOME   EXPERIMENT  STATIONS. 

At  a  number  of  the  experiment  stations  exact  records  of  the  daily 
milk  yield  before  and  after  dehorning  have  been  kept.  In  a  few  in- 
stances the  per  cent  of  butter  fat  has  also  been  noted  at  each  milking 
for  a  few  days  before  and  after  dehorning,  and  from  these  we  can  make 
a  pretty  fair  estimate  of  the  ettect  of  dehorning  on  the  dairy  cow. 

At  the  W'isconsin  Experiment  Station,  a  record  of  ten  cows  was 
kept  for  the  four  milkings  before  dehorning,  and  four  milkings  im- 
mediately following  dehorning.  The  ten  gave  289.3  pounds  in  the 
four  milkings  before,  and  243.6  pounds  of  milk  in  the  four  milkings 
after  dehorning — a  loss  of  45.7  pounds  or  16  per  cent.  E^ch  cow  was 
tested  two  milkings  before  dehorning  and  four  milkings  after  de- 
horning. In  every  case  hut  one  the  milk  tested  much  lower  the  milk- 
ing immediately  after  dehorning  than  it  had  tested  the  two  milkings 
before  dehorning.  But  the  test  gradually  increased  until  it  was  much 
higher  than  it  had  been  in  the  milkings  previous  to  dehorning,  and 
the  actual  amount  of  butter  fat  produced  by  the  cows  was  as  much  or 
more  than  it  would  have  been  had  the  cows  not  been  dehorned.  At 
another  time  at  the  same  station,  twelve  cows  were  dehorned  with  a 
loss  of  5  per  cent  in  the  total  yield  of  milk  in  six  days  after  dehorn- 
ing, and  a  gain  of  4  per  cent  in  the  total  amount  of  fat  produced  in 
the  same  time.  A  record  of  the  weights  of  the  cows  before  and  after 
show^ed  practically  no  loss  due  to  the  operation. 

At  the  Minnesota  Station  nine  cows  produced  7  per  cent  less 
milk  in  three  milkings  following  dehorning  than  they  had  given  in 
the  three  previous  milkings,  and  produced  3  per  cent  less  total  butter 
fat  in  the  same  period.  Six  cows  which  had  been  kept  where  they 
could  see  the  excitement  and  smell  the  blood,  lost  3  per  cent,  in  their 
milk  yield  and  i  per  cent  in  their  total  butter  fat  in  the  same  time, 
showing  that  the  slight  loss  of  the  dehorned  cows  was  due  partially 
to  excitement.  A  weak  feature  in  this  record  was  that  three  milkings 
were  selected,  making  two  nights'  and  one  morning's  milking  in  one 
period,  and  two  mornings'  and  one  night's  milking  in  the  other  period. 
Cows  seldom  give  the  same  at  morning  and  night,  and  the  test  nearly 
always  varies  at  these  two  milkings. 

At  the  Georgia  Station,  nine  cows  made  an  actual  gain  in  milk 
yield  the  day  following  dehorning. 

At  the  Tennessee  Station,  nineteen  cows  were  dehorned,  and  in 
ten  days  they  lost  only  34.2  lbs.  of  milk  from  a  total  previous  ten 
days'  yield  of  2,784.3  pounds. 

The  New  York  Station,  at  Cornell,  found  that  five  cows  lost  an 
average  of  one  pound  a  day  for  four  days  following  dehorning.  Seven 
cows  not  dehorned  lost  an  average  of  one-half  pound  a  day  in  the 
same  time.  One  of  the  dehorned  cows  lost  an  average  of  4  lbs.  per 
day  in  the  recorded  time. 

At  the  North  Dakota  Station  14  cows  were  dehorned.  Most  of 
them  fell  off  in  their  milk  slightly,  but  gained  in  per  cent  of  butter 
fat,  and  at  the  fourth  milking  all  were  back  to  their  normal  flow.  The 
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14  COWS  made  alxnit  i  11).  less  butter  in  the  two  days  following  de- 
liorning-  than  the\-  had  made  in  the  two  previous  days. 

From  these  'reports  it  api>ears  that  there  is  a  very  small  per  cent 
of  less  in  the  total  amount  of  nulk  produced,  and  very  little  if  any 
los?  in  the  total  fat  produced  in  the  hrst  few  milkings  following  de- 
horning. In  the  majority  of  recorded  trials  the  co^^vs  came  back  to 
♦heir  natural  flow  of  milk  in  less  than  a  week,  often  in  two  days. 
Judging  from  this  there  is  no  amount  of  pain  suffered  by  the  cow,  and 
practically  no  loss  in  product  resulting  from  the  operation.  It  must 
b'i  emphasized  that  as  far  as  our  knowledge  of  the  dairy  cow  goes  at 
the  present  day,  we  would  l)e  practically  sure  that  any  protracted  pain, 
or  any  great  physical  shock,  would  lead  to  a  material  reduction  in  the 
amount  of  niilk'])roduced.  It  seems  that  the  excitement  of  struggling 
with  the  cows  ojieratcd  on,  and  handling  them  in  a  maimer  to  which 
they  are  not  accu^touKil,  is  almost  as  operative  in  reducing  the  milk 
flow  as  the  dehorning  itself. 

EFFECTS    OF    DEIIOKXIXG    WITH  MARYLAND  STATION  HERD. 

Our  own  experience  in  dehorning  was  obtained  at  two  dififerent 
times.  The  cows  bought  l)y  the  Station  came  with  their  horns  on, 
and  as  it  was  thought  advisable  to  remove  the  horns,  all  of  the  cows 
owned  by  the  Station  at  that  time  were  dehorned.  They  were  thir- 
teen in  number  and  had  been  in  milk  for  varying  periods  of  time. 
The  effect  in  the  milk  yield  can  be  seen  in  the  following  table: 

TABLE  I. 


Cows  Dehorned  April,  1897. 


Gave  in 

Gave  in 

c 

ow    4  days 

4  days 

Loss 

Loss 

\o.  before 

after 

in  lbs. 

per  cent. 

Calved. 

dehorning. 

dehorning. 

1 

305 

2().0 

^  -5 

4-9 

Feb. 

10,  1896 

2 

48.5 

51-5 

*3  0 

*6.2 

Feb. 

29,  1896 

4 

69.0 

695 

-5 

*  .8 

Sept. 

19, 1896 

10 

57-9 

56.7 

1.2 

2.0 

Feb. 

19, 1896 

1 1 

78-9 

77.0 

1.9 

2.0 

Jan. 

20,  1897 

12 

81.3 

74-3 

7'P 

8.3 

Tan. 

21,  1897 

13 

64-3 

5B.9 

5-4 

8.4 

Xov. 

21,  1896 

U 

74-5 

72.9 

1.6 

2.0 

Aug. 

23, 1896 

16 

66.8 

63.0 

3-8 

5-7 

Sept. 

24, 1896 

17 

71 .2 

66.9 

4-3 

6.0 

Xov. 

17, 1896 

18 

53-7 

52.4 

1-3 

.  2.0 

Aug. 

20, 1896 

19 

67.7 

61.9 

5-8 

8.5 

Nov. 

12, 1896 

20 

350 

29.0 

6.0 

17.0 

Aug. 

18, 1896 

Total.  700.3 

763.0 

363 

Av 

"r'ge,  61.5 

5^-7 

2.8 

4-5 

'■'Made  an  actual  gain. 
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It  will  be  noticed  that  most  of  these  cows  were  very  far  advance.l 
in  their  periods  of  lactation,  and  there  must  have  been  a  steady, 
though  slow,  natural  decline  in  the  amount  of  milk  produced.  This, 
of  course,  does  not  account  for  the  relatively  sudden  shrinkage  shown,, 
though  it  would  explain  a  part  of  it.  There  was  some  falling  ofif  in  the 
quantity  produced,  due  t(,)  the  dehorning,  but  it  would  hardly  be  called 
great  enough  to  tleter  anyone  from  dehorning  a  herd  because  of  the 
actual  financial  loss  it  would  cause. 

A  recent  trial  at  dehorning  was  in  1901,  when  a  number  of  the 
heifers  from  the  original  stock  had  reached  maturity  and  some  more 
cows  had  been  purchased.  A  few  liad  been  dehorned  at  different  times 
prior  to  this,  but  it  was  in  such  small  numbers  at  any  single  time  that 
no  special  record  was  kept  of  their  milk  yields  before  and  after.  The 
following  table  gives  the  results  with  the  nine  cows  dehorned : 

TABLE  11. 


Cows  Dehorned  May,  1501. 


Gave  in 

Gave  in 

Cow 

4  days 

4  days 

Loss 

Loss 

No. 

before 

after 

in  lbs. 

per  cent. 

Calved. 

dehorning. 

dehorning. 

34 

59-3 

39-9 

19.4 

32.0 

Apr. 

14,  190T 

.35 

95. 1 

70.2 

24.9 

26.0 

Sept. 

16,  190a 

17 

72-7 

42.6 

30.1 

42.0 

Oct. 

15, 1900 

38 

42.Q 

21. 1 

21.8 

50.0 

Oct. 

26,  1900 

39 

41.8 

27.9 

12.9 

31.0 

May 

2,  190a 

57 

85.6 

750 

10.6 

12.0 

^lar. 

I,  1901 

58 

92.7 

79.9 

12.8 

14.0 

Feb. 

I,  1901 

59 

99-8 

55-2 

44.6 

44.0 

Mar. 

15, 1901 

60 

83.6 

61.2 

22.8 

26.0 

Mar. 

I,  1901 

Total, 

672.5 

4730 

199-5 

y\v'r'ge, 

74-7 

52.5 

22.2 

30.8 

The  records  obtained  in  Table  II  are  chiefly  interesting  for  the 
heavy  falling  ofif  in  the  quantity  of  milk  produced,  which  shrinkage 
averaged  30.8  per  cent  of  the  whole  amount.  This  is  much  heavier 
than  reported  in  the  records  from  any  of  the  other  stations,  and  is  cer- 
tainly much  heavier  than  is  shown  in  the  records  of  the  previous  trial 
of  dehorning  at  this  station.  These  cows  also  failed  to  regain  their 
normal  flow  as  quickly  as  was  the  case  at  other  times,  taking  about 
eight  days,  or  from  twq  to  three  times  as  long  as  is  usually  required. 
Tlie  shrinkage  in  their  milk  yield  was  evidently  almost  entirely  due 
to  the  efifects  of  dehorning.  Almost  half  of  the  other  cows  in  the 
herd  which  were  not  dehorned  at  this  time,  gave  a  little  less 
milk  the  first  few  days  after  the  dehorning  but  the  remainder  remaiii- 
ed  stationary  in  their  milk  yield.    Why  the  dehorning  should  have 
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affected  the  cows  (jpcrated  on  so  at  this  particular  time  is  unknown. 
There  was  no  evidence  that  it  was  more  than  usually  painful  at  the' 
time  of  the  operation.  (_)ne,  .\o.  3S,  bled  heavily,  and  acted  sick  for 
a  few  da\s.  refusing  her  grain  ration,  but  aside  from  this  the  cows- 
seemed  to  eat  well. 

Most  of  the  stations  agree  in  saying  that  while  the  animal  shows 
every  evidence  of  great  sutiering  at  tl'ie  time  nl  the  Mj)eration,  very  few 
of  them  act  as  thcnigh  the  i)ain  continued  after  they  were  allowed 
their  liberty.  In  most  cases  tiie  deliorned  animals  would  search  for 
food,  and  would  put  in  tlieir  lime  eating  (|uietly  at  anything  within 
reach,  or  they  would  gaze  at  each  uiher  as  at  a  stranger  in  the  herd. 
•  In  one  instance  uulv.  at  thi>  Station,  clid  the  dehorned  cow  continu'^. 

to  act  as  if  in  ]iain  after  tlie  (ijieration.  She  walked  around  the  yard 
for  a  sliort  i)erio(l,  occasional! \-  shaking  her  head  and  drawing  back 
as  though  Ihnching  from  the  cli]<pers.  This  was  not  long  continued, 
however,  and  tlie  cow  ate  Iter  evening  ration  of  grain  very  quietly  two 
hours  afterwards. 

Few  cattle  have  suffered  any  permanent  injury  from  dehorning. 
Among  many  hundreds  which  came  under  the  writer's  observation  in- 
Illinois  and  Kansas,  nnt  one  died.  The  Ohio  Station  reports  the  loss 
of  one  steer  indirectl\  from  the  operation.  The  steer,  in  struggling 
with  another  member  of  the  herd  several  weeks  after  the  operation, 
opened  the  veins  in  the  horn,  and  in  spite  of  all  that  could  be  done, 
bled  to  death.  A  number  of  different  remedies  have  been  tried  to  pre- 
vent bleeding  after  the  liorns  hav  e  been  removed,  but  the  majority  of 
veterinarians  {h\nk  that  it  is  liai  dly  worth  the  trouble  of  doctoring,  un- 
less some  ])articular  anima.l  ^hi-A-,  si^.-i;.,  nf  b]ee(h'ng  too  long.  There- 
is  always  soi-nc  bleeding,  the  lilood  ^sIlal^^  simriing  soi-nc  distance,  but 
it  usually  stops  in  a  sliort  time.  W  here  the  bleeding  continues  alarnt- 
ingly.  (-ottoii  soaked  in  tar  or  pitch  and  wrapped  tightly  to  the  cut 
surface  will  do  as  well  as  an\tliing.  \'ery  few  animals,  however,  will 
suffer  from  allowing  the  cut  to  remain  without  any  treatment.  ATag- 
gots  will  sometime  get  into  the  wound,  or  in  very  cold  weather  there 
would  be  danger  of  catchii-ig  cold  in  the  wound,  but  both  of  these  can 
be  obviated  bv  perfornn'ng  the  operation  between  the  cold  weather 
and  fly  time.   This  is  imperative,  or  serious  results  may  follow. 

MirniOD.S  FOU  dkiiornixg. 
Two  .general  methods  of  dehorning  exist.  One  is  to  remove  the 
horns  after  the  animal  is  past  two  years  of  age.  The  other  is  to  kill 
the  horn  when  it  first  conn-iiences  to  grow,  or  can  be  felt  on  the  head 
of  the  calf.  In  the  early  histor\-  of  dehorning  the  n-iature  animal  alone 
was  operated  on,  and  tlic  instrument  in  common  use  was  a  sharp  saw. 
A  heavy  stanchion  was  built  with  vertical  and  horizontal  bars  of  heavy 
wood,- which  cffectnallv  held  the  aninial.  A  halter  was  placed  on  the 
,iead,  and  the  nose  drawn  up  ;  then  a  strong  man  operated  the  saw, 
requiring  a  short  period  ,.f  time  to  remove  each  horn.  There  was  al- 
ways more  or  less  excitement  and  worry  connected  with  fastening  the 
animal,  and  the  operation  of  sawing  off  the  horn,  which  required  som; 


46  MARYLAND    AGKICULTUKAL    EXPERIMENT  STATION. 

little  time,  and  was  certainly  very  painful.  About  i8yo  the  saw  was 
gradually  discarded,  and  clippers  made  especially  lor  this  purpose 
came  into  use.  Idie  use  of  the  clipiiers  reijuired  less  ])reparation  in 
the  way  of  fastening's,  and  conse(|uentl\-  le><  attendant  excitement. 
Xo  i")articular  fasteniuL';,  utlK-r  than  a  -"tnoig  hidtor  with  a  turn  of  the 
rope  around  a  solid  fuicc  ])om,  lueik-d.    The  cHpprr^,  could  be 

s!ipj)ed  over  the  horn,  and  wiih  mih  imition,  reijuiring  harel\'  a  second 
of  time,  the  work  was  done,  and  l>oth  horns  could  lie  tal^en  from  a 
co\4  in  less  than  half  a  minute.  The  clippers  have  a  crslnng,  Itruising 
efTcct,  and  evidently  cause  great  pain  feir  an  instant,  hut  it  i<  doubtful 
il  the  pain  is  au_\'  more  se\  ere  than  w  hen  the  >aw  \\  a>  u^ed,  and  the 
cli])])ers  re<|uire  nuich  less  time  for  tlie  operatiou.  In  using  either  the 
clippers  or  ;lie  .saw  it  is  nece>sar}'  to  get  about  one-i-iglith  or  ou'.'- 
fourth  incli  helc!\\'  where  the  shin  and  horn  grcjw  t(jgether  to  insure 
no  ftn-ther  growth.  W  liere  tliis  ])recaution  is  not  taken,  tlie  horn  is 
lii^ely  to  continue  to  grow,  and  in  a  few  year^  the  heail  presents  a 
rathe!'  undesiralile  appearance.  Lletween  tlie  opt.  i.ilioii  ,,i  the  two  in- 
'.liuments,  the  saw  and  the  cli])pers,  there  is  ver}  little  choice  as  re- 
gards the  (pialitx-  of  the  work  done.  The  clippers  crush  the  outside 
h(;rn  a  little,  and  possiljly  do  not  leave  as  sniooth  a  surface  as  the 
saw,  but  in  healing  this  is  covered  up,  and  one  is  practically  as  good 
as  tne  other. 

PREVENTING    THE    GROWTH    OF    HORNS    BY  CHEMICALS. 

,A.s  was  before  stated,  a  common  method  now  to  do  away  with 
the  iie^rns  is  to  prevent  their  growth  by  the  use  of  chemicals  on  the 
calf.  This  seems  to  have  had  its  l)eginning  about  the  ye;ir  i  Soo,  and 
immediatci_\'  grew  into  fa\or.  !i  is  ijuicl-cly  and  t-asil\'  dmie  ;  it  is  con'- 
paratix  eh,'  painless,  can---,  uii  ii.t\-i'U^  sheelc,  and  it  is  di  aie  at  a  time 
when  there  i.s  no  milk  ilo\\  to  injure  Tlie  ordinar\  nwthod  is  to  use 
a  stick  of  causiic  soda  or  cau.stic  ]iota.s!i  wlien  the  button  or  small 
liorn  can  hrsl  be  felt,  clip  the  hair  from  over  the  button  with  a  pair 
of  scissors,  wet  the  end  of  the  stick'  of  catistic  with  ^aliva,  and  rub 
the  skin  o\-er  tiie  horn  \  igonmsl}'.  'i~iie  operation  i-e'pnres  about  two 
minutes,  'i'he  work  can  ])e  done  \'ery  easil\  by  one  man:  in  fact, 
as  easily  as  two  can  do  it.  ddie  liest  age  at  wdhch  t^  jieriiirm  this 
operation  is  as  soon  as  the  button  or  young  horn  can  be  felt  w  i'h  the 
finger.  This  i  -  n  e-;:!  -  w  hen  the  calf  is  about  a  week  old.  I  ;nt  it  can  be 
done  with  i  ^s  up  until  the  time  the  call  is  a  month  old  or 

even  older,  itor  is  careful  tr)  make  a  thorough  ap]dication. 

A  number  of  cahes  have  lieen  operated  .mi  ai  thi-,  .station  when  six 
weeks  old,  but  in  one  or  two  instanet  ~  tne  .  I, ad  e\  ideutl\'  been  al- 
lowed to  go  too  long,  as  while  out-  of  the  horns  was  Idlled  by  the 
caustic,  the  other  one  .grew,  giving  the  head  a  one  -ide.'  ai)|iearance  ; 
and  even  if  the  growing  iKirn  is  clipped  off  after  u  gel-  its  growth, 
the  head  will  not  present  an  I'X'eii  niiiiearauce,  as  can  he  judged  from 
the  heads  given  in  the  illiiMraiiMi!  m  this  bidU'tiu.  It  is  better  to  use 
the  caustic  on  the  calves  when  they  are  _\onng  enonidi  to  insure  that 
the  operation  will  be  effective,  and  this  age  is  from  three  days  to 
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three  weeks.  As  it  would  save  time  and  material  to  operate  on  a  num- 
ber of  calves  at  the  same  time,  it  might  be  well  to  allow  the  first 
calves  to  reach  the  limit  of  age.  In  our  work  at  this  Station  we  have 
used  the  stick  caustic  potash  or  caustic  soda  entirely,  and  in  its  use 
we  necessarily  handle  it  with  care,  never  allowing  it  to  come  in  con- 
tact with  the  finger,  as  it  has  a  burning  or  corroding  effect,  and  will 
take  oft  the  skin  very  quickly.  This  can  be  prevented  by  simply 
wrapping  the  end  of  the  stick  in  a  piece  of  oaper  to  serve  as  a  handle. 
In  applying  the  caustic  to  the  head,  it  is  well  to  not  allow  the  spot 
to  become  too  moist,  as  it  will  run  down  the  side  of  the  head,  mak- 
ing a  sore,  removing  the  hair,  and  leaving  a  scar  which  may  show-- 
and,  then,  there  is  danger  of  it  running  into  the  eye.  which  would 
certainlv  cause  blindness.  It  would  be  well  to  have  some  water 
standing  close,  so  that  the  caustic  could  be  dipped  into  it  a  couple  of 
times  during  the  application.  In  using  the  caustic,  thorough  rubbing 
is  necessary,  and  insufficient  rubbing  has  caused  many  failures.  It  is 
well  to  rub  until  the  skin  over  the  horn  commences  to  look  red,  as 
though  the  blood  was  about  to  start.  This  will  take  from  fifteen  sec- 
onds to  one-half  minute  to  each  horn. 

There  is,  of  course,  some  pain  caused  to  the  young  calf  by  the 
use  of  the  caustic,  as  it  has  the  effect  of  entirely  burning  away  the 
skin  from  over  the  horn.  But  this  pain  is  not  in  the  nature  of  a  vio- 
lent nervous  shock,  as  must  be  caused  by  dehorning  clipners  on  the 
mature  animal,  and  there  is  no  loss  of  blood.  There  can  be  no  pos- 
sible danger  from  its  use.  For  a  short  time  after  the  application,  the 
calf  goes  around  shaking  its  head,  but  they  never  refuse  to  eat  im- 
mediately, after,  when  the  pain  is  the  greatest.  How  long  the  pain 
lasts  is  a  matter  of  conjecture.  Perhaps  an  hour,  possibly  longer.  In 
some  instances  the  calf  shows  no  sign  of  suffering  after  fifteen  min- 
utes are  passed.  The  operation  appears  to  be  more  humane  than  re- 
moving the  mature  horn,  and  it  doubtless  is  so.  It  at  least  has  not 
aroused  the  criticism  of  any  body  of  persons.  Tne  head  of  the  ani- 
mal dehorned  with  a  chemical  presents  a  much  different  appearance 
from  one  dehorned  with  clippers.  In  a  neat  job  with  chemical  de- 
horner,  it  would  be  difficult  to  distinguish  between  it  and  the  head  of 
an  animal  of  the  polled  breeds.  When  the  clippers  are  used,  the  head 
presents  a  square  appearance  rather  unnatural  for  an  animal  without 
horns,  and  yet  many  prefer  it  to  the  rather  pointed  head  of  the  polled 
breeds  or  the  animal  dehorned  with  chemicals. 

Since  caustic  potash  or  soda  came  into  general  use  a  number  of 
so-called  patent  dehorners  have  been  placed  on  the  market.  These 
are  nearly  always  fluid,  coming  in  small  bottles.  In  a  number  of 
cases  analyses  have  shown  them  to  be  simply  saturated  solutions  of 
caustic  soda.  They  are  sold  at  fancy  prices,  usually  at  from  five  to 
twenty  times  the  value  of  the  original  material.  It  is'more  economical 
to  buy  caustic  soda  or  potash  in  sticks  costing  about  25  to  30  cents 
a  pound,  and  a  pound  will  dehorn  a  hundred  calves  or  more.  A  num- 
ber of  patent  dehorners  have  been  tried  at  different  places  with  vary- 
mg  results,  and  while  a  few  will  do  what  is  claimed  for  them,  others 
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have  failed  entirely,  or  have  met  with  indifYerent  success.  Out  of 
four  tried  by  the  U.  S.  Department  of  .K^riculture,  only  one  proved 
as  ef¥ective  as  the  stick  i)otash  or  soda.  The  U.  S.  Department  of 
Agriculture  prepared  a  dchorner,  using  fifty  parts  of  caustic  soda, 
twenty-five  parts  of  kerosene  and  twenty-five  parts  of  water.  The 
caustic  soda  and  kerosene  were  made  into  an  emulsion  by  heating 
together,  and  this  was  atlded  to  the  water.  It  was  found  to'  be  ef- 
fective. 

Where  the  caustic  soda  or  potash  is  used  it  should  be  kept  in  an 
airtight  bottle,  as  it  absoHxs  moisture  from  the  air  very  rapidly,  and 
becomes  difificult  to  handle.  Just  sufficient  for  the  calf  or  calves  that 
are  to  be  dehorned  should  be  removed  from  the  bottle,  and  what  re- 
mains after  the  operation  is  finished  should  be  thrown  awav  or  placed 
in  a  small  bottle  by  itself,  so  the  collected  moisture  cannot  come  in 
contact  with  the  dry  sticks  in  the  unused  portion.  A  little  experience 
in  ihe  use  of  potash  makes  its  use  more  effective  and  rapid. 
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THE  DISINFECTANT  PROPERTIES  OF  WASHING  POWDERS 


By  C.  F.  Doane. 


There  has  always  been  a  pressing  need  for  some  chemical  com- 
pound with  strong  antiseptic  properties  which  could  be  safely  used 
in  the  cleaning  and  sterilizing  of  utensils  for  the  handling  of  food 
products. 

There  are  a  number  of  disinfectants  which  can  be  applied  to 
almost  every  other  condition  than  where  they  come  in  direct  contact 
with  the  kitchen  and  dairy  utensils.  In  surgical  work  or  sterilizing 
surgical  instruments  carbolic  acid  5  parts  to  100  parts  of  water  or 
I  part  of  corrosive  sublimate  (mercuric  chloride  Hg  CI2)  to  1000 
parts  water  is  verv  efifective.  In  disinfecting  sick  rooms  formal- 
dehyd,  sulphur,  or  carbolic  acid  is  employed.  The  objections  to 
using  any  of  these  around  a  dairy  or  kitchen  is  apparent  to  anyone 
who  understands  their  ciharactcristics.  Corrosive  sublimate  is  one 
of  the  most  violent  poisons  known,  requiring  but  a  very  small  amount 
in  the  stomach  to  cause  quick  and  sure  death.  The  fact  that  it  is 
entirely  odorless  and  tasteless  makes  its  use  even  more  dangerous, 
and  to  wash  food  uitensils  in  a  solution  of  it  would  be  the  greatest 
folly,  even  were  the  utensils  thoroughly  rinsed  out  after  the  use  of  the 
sublimate  solution. 

Carbolic  acid  is  likewise  a  poison,  though  not  nearly  so  violent 
as  corrosive  sublimate.  In  addition  to  being  a  poison  it  has  a  very 
characteristic  and  persistent,  and  to  some,  offensive  odor  and  taste. 
Its  use  in  a  dairy  even  for  disinfecting  drains  would  be  unadvisable 
because  of  its  strong  odor  which  would  soon  taint  the  milk.  While 
formaldehyd  and  sulphur  are  used  in  the  form  of  gas  and  fumes  which 
would  taint  any  food  product  with  which  they  might  come  in  contact. 

Corrosive  sublimate  would  do  very  well  for  disinfecting  drains 
were  it  not  for  the  fact  that  it  is  so  violently  poisonous  that  its  use 
in  any  place  where  there  is  a  possible  chance  for  its  getting  into  the 
milk  or  food  is  unadvisable.  Caustic  lime,  the  ordinary  unslacked 
lime  of  commerce,  is  often  used  with  good  results  in  cess  pools  and 
closets  for  disinfecting  and  suppressing  offensive  odors,  but  it  requires 
such  a  large  quantity  that  its  use  in  a  dairy  is  impractical. 

In  common  practice  almost  the  only  thing  which  has  ever  proved 
efficient  and  unobjectionable  is  scalding  water  or  steam.  In  dairy 
work  where  there  is  a  large  number  of  cans,  buckets  and  strainers 
to  wash  it  requires  considerable  time  and  work  to  thoroughly  scald 
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them  all  with  boiling  water  and  be  sure  that  all  have  been  rendered 
sterile.  ^Moreover,  imless  the  greatest  care  is  exercised  the  last  uten- 
sils treated  will  be  very  poorly  sterilized.  The  water  may  be  boiling 
when  it  is  poured  into  the  first  can,  but  by  the  time  it  has  been  poured 
into  a  number  of  cans  and  allowed  to  stand  for  a  sufficient  length 
of  time  to  kill  the  greater  number  of  germs  present  it  will  become 
so  cool  as  to  have  no  effect  whatever  on  the  bacteria,  other  than  to 
wash  out  a  few  as  it  is  poured  from  can  to  can.  Then,  too,  in  using 
scalding  water  the  person  doing  the  work  is  likely  to  get  in  too  much 
of  a  hurry,  or  become  careless  and  not  allow  the  water  to  remain  a 
sufficient  length  of  time  to  thoroughly  do  the  work  intended  for  it. 
About  the  only  way  in  which  boiling  water  could  be  satisfactorily 
applied  to  a  large  number  of  cans  would  be  to  have  it  in  a  large  res- 
ervoir or  one  of  the  large  old-fashioned  iron  kettles  and  thoroughly 
immerse  each  can  and  bucket  in  it.  This  would  require  considerable 
water  and  fuel  for  heating. 

At  this  Station  as  well  as  in  a  large  number  of  creameries  and  in 
private  dairies  all  cans  and  buckets  are  thoroughly  scalded  with,  steam 
on  the  inside.  Near  the  sink  where  the  tin  ware  is  washed  a-half 
inch  pipe  is  run  from  beneath  through  a  table,  leavingr  the  open  end 
stick  out  two  inches  above  the  surface  of  the  table.  This  pipe  is  fitted 
with  a  valve  and  is  connected  directly  with  the  boiler  in  winter  and  a 
water  heater  in  summer.  The  cans  after  being  washed  are  turned  bottom 
side  up  over  the  end  of  this  pipe  and  the  steam  or  boiling  water  is 
turned  on  by  the  valve.  Half  a  minute  of  this  treatment  is  thoroughly 
efficient  as  far  as  all  practical  purposes  are  concerned.  It  is  easv  to 
manipulate,  requires  very  little,  if  any,  extra  time,  and  is  entirely 
satisfactory  in  every  way.  Such  an  arrangement,  of  course,  requires 
either  a  steam  boiler  or  water  under  pressure  and  as  the  necessary 
fittings  for  either  are  rather  expensive  but  very  few  of  the  private 
dairies  could  be  supplied  in  this  way.  This  leaves  boiling  water 
as  about  the  only  disinfectant  for  use  under  ordinary  circumstances, 
and  hot  water  is  so  carelessly  used  as  to  make  it  valueless  in  the 
majority  of  cases. 

A  disinfectant  for  use  either  in  the  dairy  or  kitchen  must  have 
a  number  of  qualifications.  It  should,  of  course,  be  reasonably  effec- 
tive. By  this  it  is  not  meant  that  it  necessarily  should  kill  the  spores 
of  the  more  resistant  bacteria,  as  where  it  becomes  necessary  to  thor- 
oughly disinfect,  some  extra  precautions  could  be  observed  and  either 
corrosive  sublimate  or  formaldehyd  used.  But  the  disinfectants 
should  have  the  power  of  killing  all  of  the  growing  forms  of  germs 
and  a  large  part  of  the  spores.  The  disinfectants  should  be  odorless 
and  practically  tasteless,  as  milk  would  otherwise  be  easily  tainted 
and  rendered  unfit  for  use.  It  should,  of  course,  be  non-poisonous 
in  small  quantities,  as  where  a  disinfectant  is  in  general  use  around 
a  dairy  or  kitchen  there  is  always  the  danger  that  sometime  a  small 
portion  may  get  into  milk  or  food.  For  general  use,  the  disinfec- 
tant should  be  cheap  and  it  should  not  be  necessary  to  use  a  large 
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quantity  to  accomplish  the  purpose  for  which  it  is  intended.  If  it  has 
cleansing  properties  as  well  as  antiseptic  properties  it  is  all  the  better. 

Work  to  determine  the  antiseptic  properties  of  different  chemi- 
cal compounds  has  been  carried  out  with  most  of  those  which  would 
be  likely  to  have  such  properties.    Among  other  compounds  tried 
some  work  has  been  done  to  determine  the  effect  of  solutions  of 
soap  in  water  on  bacteria.    It  was  found  that  a  5  per  cent  solution 
of  soap  would  kill  practically  all  germs  in  a  short  period  of  time. 
The  work  done  by  the  soap  was  not  very  extensive,  but  one  or  two 
different  makes  being  experimented  with.    It  would  naturally  be  sup- 
posed, however,  that  as  all  soap  is  made  in  the  same  way  from  practi- 
cally the  same  materials,  all  would  have  the  power  to  kill  germs  to 
some  entent.    What  gives  the  soap  this  antiseptic  property  has  not 
been  entirely  explained.   It  is  well  known  that  all  caustic  alkalies  have 
the  power  of  killing  germs.    Soap  is  a  combination  cf  caustic  alkali 
with  fat.    The  combination  of  the  fat  with  the  alkali  set  free  gly- 
cerine.   In  nearly  all  soaps  there  is  a  small  portion  of  free  alkali,  as 
enough  fat  is  not  used  to  combine  with  all  the  caustic,  with  the 
result  that  pairt  of  it  remains  in  its  original  form  with  any  germicide 
properties  entirely  unimpaired.    If  it  is  the  free  alkali  which  gives  it 
antiseptic  properties  the  amount  contained  by  the  soap  would  deter- 
mine the  proportion  of  soap  necessary  in  a  solution  to  be  effective. 
Soaps  vary  in  the  amount  of  free  alkali  contained.    Those  made  for 
laundry  and  kitchen  use  have  a  relatively  large  proportion,  while 
toilet  soaps  have  very  little,  if  any,  as  its  presence  is  known  to  make 
the  skin  hard  and  dry.    The  experiments  carried  out  did  not  mention 
the  soaps  used.   They  were  very  likely  the  laundry  or  kitchen  variety. 
But  it  will  develop  from  work  done  at  this  Station  that  the  toilet  soaps 
could  well  have  antiseptic  properties,  as  in  the  work  done  heire  it  was 
found  that  washing  powders  had  this  property  to  a  greater  extent 
than  could  be  accounted  for  by  the  amount  of  free  alkali  they  con- 
tained.   Eiitheir  the  glycerine  or  the  salts  of  the  alkali  and  fatty 
acids  which  fomi  the  greater  part  of  soap  must  have  the  power  of 
killing  germs  to  a  considerable  degree. 

The  first  work  done  at  this  Station  to  determine  the  antiseptic 
properties  of  washing  powders  was  about  three  years  ago  and  was 
done  with  the  idea  of  trying  to  find  something  whith  would  partially 
fill  the  requirements  for  a  good  disinfectant  for  dairy  and  kitchen 
use.  The  laboratory  facilities  for  doing  bacteriological  work  at  this 
Station  at  that  time  were  very  limited  and  the  work  after  being  partially 
done  was  deferred.  During  the  last  few  months  it  was  taken  up  again 
under  more  favorable  curcumstances  and  completed. 

It  is  not  expected  that  the  work  will  add  anything  new  to  science 
or  be  of  any  value  to  purely  scientific  workers,  as  none  of  the  more 
resistant  forms  of  spores  were  experimented  with  to  determine  the 
actual  antiseptic  value  of  the  washing  powders  as  compared  with  the 
well  known  and  tried  disinfectants.  This  phase  would  be  interesting 
but  we  did  not  have  any  pure  cultures  of  the  germs  ordinarily  used 
for  this  purpose  at  hand.    It  is  believed,  however,  that  the  work  done 
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was  entirely  practical  and  thorough,  and  was  sufficient  to  determine 
the  value  of  the  washing  powders  for  the  use  for  which  they  are  here 
recommended. 

Washing  powders  have  been  on  the  markets  for  a  number  of 
years.  They  are  advertised  for  washing  and  scrubbing  purposes  only, 
and  their  value  for  this  is  pretty  thoroughly  established.  Their  compo- 
sition has  been  kept  more  or  less  secret,  but  chemical  analysis  made 
at  this  Station  showed  them  to  be  composed  of  80  per  cent  of  soap 
and  20  per  cent  of  free  alkali,  the  alkali  being  caustic  soda.  One 
analysis  of  a  well  known  and  very  efficient  brand  showed  the  yellow 
or  golden  tinge  to  be  due  to  coloring  matter  added  to  the  fat  used 
in  making  the  contained  soap.  The  coloring  matter  was  evidently 
such  as  might  be  used  for  coloring  butter,  and  very  likely  either 
oil  of  anatto  seed  or  some  analine  dye.  This  made  the  washing  pow- 
der distinct  in  color  from  any  of  the  other  brands,  without  affecting 
its  value  as  a  cleansing  agent  in  the  least.  It  is  likely  that  the  great 
majority  of  the  washing  powders  have  practically  the  same  compo- 
sition as  those  of  which  we  made  an  analysis,  vary-ing  slightly  perhaps 
ill  the  proportions  of  soap  and  free  alkaU,  ]mt  not  enough  to  very 
materially  influence  the  actual  value. 

The  work  done  at  this  Station  was  to  determine  the  value  of 
washing  powder  as  disinfectants,  and,  if  trtey  had  such  value  to  deter- 
mine which  was  the  more  efficient.  As  was  before  stated,  it  was 
decided  to  make  the  test  as  practical  as  possible,  having  the  condi- 
tions such  as  they  would  be  in  the  use  of  the  substance  in  actual 
practice.  As  we  were  interested  in  the  use  of  washing  powders  in  the 
dairy  the  particular  point  to  be  decided  was  the  effect  of  these  pow- 
ders on  the  germs  which  are  found  in  milk,  and  the  experiments  were 
planned  to  test  this  particular  point. 

The  work  was  carried  out  as  follows:  A  measured  quantity  of 
milk,  from  .1  to  .5  cc.  (cubic  centimeters)  was  put  into  5  cc.  of  steril- 
ized water.  For  the  control  sample  a  measured  quantity  of  the  water 
and  milk  was  put  into  another  5  cc.  of  sterilized  water  and  then  a 
measured  quantity  was  added  to  each  of  two  tubes  of  melted  lactose 
agar.  The  number  of  germs  developing  from  this  can  be  seen  under 
the  column  headed  "Water  blank"  in  the  tables.  The  same  quantity 
was  taken  a  second  time  from  the  first  mixture  of  milk  and  water 
and  put  into  5  cc.  of  a  solution  of  a  weighed  quantity  of  washing 
powder  and  water  either  hot  or  cold  and  a  measured  quantity  of 
this  mixture  was  added  to  the  melted  agar  at  stated  intervals.  One 
sample  was  taken  as  soon  after  the  milk  and  water  mixture  had 
been  added  as  possible,  but  a  few  seconds  elapsing.  Tine  result  of 
this  can  be  seen  in  the  column  in  the  tables  headed  "Taken  immedi- 
ately." Another  sample  was  takeji  at  the  end  of  five  minutes,  and 
still  another  and  the  last  at  the  end  of  ten  minutes  and  the  results 
of  each  of  these  can  be  seen  in  the  tables  in  the  columns  under  their 
respective  headings.. 

With  each  washing  powder  tried,  the  solution  of  the  washing 
powder  and  water  was  used  both  warm  and  cool.    The  cool  water 
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was  at  almost  average  room  temperature.  The  milk  and  water  mix- 
ture that  had  been,  used  for  the  control  sample  was  added  to  the  5  cc. 
of  washing  powder  solution  in  the  test  tube  when  the  solution  was  at 
130  F  which  is  too  low  a  temperature  to  kill  quickly  mor.e  than  a 
minimum  number  of  the  germs  contained  in  the  milk  and  water 
mixture.  As  this  was  allowed  to  stand  in  open  air  it  cooled  very 
rapidly  and  by  the  end  of  ten  minutes  when  the  last  sample  was  taken 
it  had  reached  a  temperature  below  100  F.  In  ordinary  practice  the 
solution  would  not  cool  so  rapidly  except  when  it  was  used  for  scrub- 
bing iloors  and  woodwork,  in  which  case  the  first  efifect  of  the  heat 
would  be  all  that  would  be  gained. 

A  solution  of  one  gram  of  washing  powder  to  300  cc.  of  water 
was  first  tried  but  as  this  did  not  seem  to  be  sufficient  to  thoroughly 
■do  the  work,  i  gram  to  150  cc.  of  water  was  then  used.  One  gram 
of  washing  powder  to  150  cc.  of  water  would  be  at  the  rate  of  one 
pound  of  powder  to  150  pounds  of  water,  or  one  pound  of  pow- 
der to  a  little  over  seventeen  gallons  of  water.  As  washing  pow- 
ders cost  only  about  six  cents  a  pound  retail,  or  five  cents  a  pound 
in  large  quantities  it  can  be  seen  that  so  far  as  price  is  concerned 
they  would  make  a  desirable  disinfectant.  Carbolic  acid  has  to  be 
used  at  the  rate  of  5  pounds  to  100  pounds  of  water,  and,  while  cor- 
rosive sublimate  is  used  at  the  rate  of  i  to  1,000  it  is  quite  expensive. 
It  is  not  to  be  expected  that  the  washing  powders  in  the  quantities 
advised  in  this  bulletin  would  be  efficient  as  5  to  100  of  carbolic  acid, 
but  the  tables  will  show  that  for  practical  purposes  outside  of  disease 
and  surgery  they  are  effective. 

As  savogdran  has  often  been  recommended  as  a  good  washing 
powder,  and  as  it  was  being  used  at  this  Station  at  the  time,  it  was 
the  first  experimented  with.  As  was  stated  before,  i  gram  in  300  cc. 
of  water  was  tried  first,  the  solution  being  used  both  cold  and  warm; 
then  I  gram  to  150  cc.  of  both  hot  and  cold  water  was  tried.  The 
efifect  of  using  i  to  300  can  be  seen  in  table  I. 
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TABLE.  I. 


One  gram  Savogdran  in  300  cc.  Cold  Water. 


Colonies 

Colonies 

Colonies 

Colonies 

Colonies 

in  plate 

in  plate 

in  plate 

in  plate 

in  plate 

Water 

Taken  Im- 

End 2 

End  5 

End  10 

Blank 

mediately 

Minutes 

Minutes 

Minutes 

1st  trial 

140 

20 

20 

10 

10 

2nd  trial 

915 

435 

425 

370 

365 

3rd  trial 

220 

215 

175 

75 

18 

4th  trial 

360 

78 

46 

55 

27 

One  giram  of  Savogdran  in  300  cc.  Warm  Water. 


1st  trial 

1,480 

00 

00 

00 

00 

2nd  trial 

740 

35 

22 

II 

00 

3rd  trial 

437 

64 

15 

7 

5 

4th  trial 

130 

28 

8 

2 

0 

Table  I.  shows  that  when  the  solution  was  used  cool,  54  per 
cent  of  the  germs  were  killed  in  the  part  taken  immediately  from  the 
solution.  A  few  more  were  killed  by  being  allowed  to  remain  in  the 
solution  for  a  longer  period.  However,  it  would  hardly  be  termed 
ef¥ective.  When  the  water  and  milk  mixture  was  added  to  the  warm 
solution,  95  per  cent  of  the  germs  in  that  taken  immediately  were 
killed  and  the  number  of  germs  was  continually  reduced  the  longer 
they  remained  in  the  solution  until  at  the  end  of  ten  minutes  in  only 
one  case  were  any  left  alive  and  then  but  5  out  of  nearly  500  in  the 
water  blank  remained.  These  5  developed  very  slowly  in  the  plates 
and  very  likely  were  in  the  spore  stage  of  some  very  resistant  species. 
It  will  be  noticed  that  in  the  first  trial  with  the  warm  solution  all  germs 
were  killed.  This  was  the  only  case  where  a  pui-e  culture  was  used 
in  place  of  milk.  The  germ  was  a  cocci,  evidently  not  having 
very  much  resistance  to  disinfectants.  Table  I.  shows  the  warm 
solution  of  I  gram  of  Savogdran  to  300  cc.  of  water  to  be  fairly  efYec- 
tive  as  a  disinfectant,  especially  where  it  has  been  allowed  to  remain 
in  contact  with  the  germs  for  a  number  of  minutes. 

One  gram  of  savogdran  was  then  tried  in  150  cc.  of  water,  the 
solution  bemg  used  both  hot  and  cold.  The  result  of  this  stronger 
solution  can  be  seen  in  Table  II- 
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TABLE  II. 


One  gram  Savogdran  in 

150  cc.  Cold  Water. 

Co'lonies 

Colonies 

Colonies 

Colonies 

Colonies 

in  plate 

in  plate 

in  plate 

in  plate 

in  plate 

Water 

Taken  Im- 

End 2 

End  5 

End  10 

Blank 

mediately 

Minutes 

Minutes 

Minutes 

1st  trial 

6,000 

340 

112 

85 

33 

2nd  trial 

140 

100 

60 

40 

10 

3rd  trial 

1,500 

5 

4 

0 

0 

4th  trial 

435 

45 

12 

8 

0 

One  gram  Savogdran  in 

150  cc.  Warm  Water. 

1st  trial 

200 

20 

ID 

5 

0 

2nd  trial 

560 

20 

18 

4 

0 

3rd  trial 

280 

18 

9 

5 

0 

4th  trial 

340 

25 

15 

3 

c 

The  table  shows  that  when  the  solution  was  used  cool  an  average 
of  94  per  cent  of  the  germs  were  killed  when  removed  immediately 
from  the  solution  and  the  number  steadily  increased  until  the  last 
samples  were  removed  at  the  end  of  ten  minutes  when  more  than  99^ 
per  cent  were  killed  and  in  two  of  the  four  trials,  all  were  killed. 

When  the  solution  was  used  at  a  temperature  of  130  F.  an  aver- 
age of  94  per  cent  of  the  germs  were  killed  when  removed  immedi- 
ately from  the  solution  and  an  average  of  96  per  cent  were  killed  at 
the  end  of  two  minutes  while  all  were  killed  at  the  end  of  ten  min- 
utes. As  had  been  the  case  when  i  gram  to  300  cc.  of  water  was 
used  the  germs  which  grew  after  having  remained  in  the  solution 
for  a  number  of  minutes  developed  very  slowly  in  the  plates,  and  very 
likely  were  either  spores  or  had  been  seriously  af¥ected  by  the  solution. 

The  savogdran  which  was  used  in  these  experiments  had  been  on 
hand  for  some  time  in  a  keg  which,  while  it  was  kept  covered,  was 
not  air  tight.  It  is  possible,  even  likely,  that  it  had  deteriorated  some- 
what in  contact  with  the  air,  the  free  alkali  forming  a  carbonate  and 
thereby  partially  destroying  its  antiseptic  properties.  It  certainly  did 
not  do  as  well  as  the  other  powders  tried  which  were  used  in  the 
fresh  state. 

Gold  Dust  was  the  next  washing  powder  experimented  with  as 
it  is  -widely  advertised  and  has  come  into  frequent  use  in  dairies.  It, 
like  the  savogdran  was  used  first  at  the  rate  of  i  gram  to  300  cc.  of 
water;  the  solution  being  tried  both  hot  and  cold.  Table  III.  shows 
the  result. 


58 


ilARYLAXD  AGRICULTURAL  EXPERI.MEXT  STATION. 


TABLE  III. 


One  Gram  Gold  Dust  in  300  cc.  Cold  Water. 


Colonies 

Colonies 

Colonies 

Colonies 

Colonies 

in  plate 

in  plate 

in  plate 

in  plate 

in  plate 

Water 

Taken  Im- 

End 2 

End  5 

End  10 

Blank 

mediately 

Minutes 

Minutes 

Minutes 

5st  tri3.1 

845 

670 

1X2 

64 

18 

2n(l  tris,! 

84 

5 

5 

2 

00 

3rd  trial 

82 

5 

8 

6 

2 

4th  trial 

144 

18 

6 

2 

I 

One  gram  Gold  Dust  in 

300  cc.  Warm  W^ater. 

1st  trial 

246 

00 

0 

0 

0 

2nd  trial 

85 

10 

0 

0 

0 

3rd  trial 

146 

18 

3 

2 

0 

4th  trial 

322 

6 

2 

0 

0 

With  the  cold  solution  about  40  per  cent  of  the  germs  were  killed 
when  removed  immediately  from  the  solution.  This  low  per  cent 
is  due  largely  to  the  poor  showing  made  in  the  first  trial  when  not 
more  than  one-fourth  of  the  germs  removed  immediately  were  killed. 
Calculating  on  the  basis  of  the  other  three  trials  about  90  per  cent 
were  killed.  The  average  of  the  four  trials  shows  that  an  average  of 
98  per  cent  were  killed  in  ten  minutes. 

With  the  use  of  the  warm  solution  96  per  cent  of  the  germs  taken 
immediately  were  killed,  and  all  which  remained  in  for  ten  minutes 
were  killed,  while  in  three  trials  all  were  killed  in  five  minutes.  This 
is  an  excellent  showing  and  would  prove  that  for  practical  purposes 
gold  dust  at  the  rate  of  i  to  300  is  a  good  disinfectant  for  dairy  use. 

As  I  gram  of  gold  dust  in  300  cc.  of  water  in  a  warm  solution  was 
found  to  have  sufficient  antiseptic  properties  for  practical  purposes 
I  gram  in  150  cc.  of  warm  water  was  not  tried.  But  i  gram  in  150  cc. 
of  cool  water  was  tried  and  Table  IV.  gives  the  result. 
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TABLE  IV. 


One  Gram  Gold  Dust  in  150  cc.  Cold  Water. 


Colonies 

Colonies 

Colonies 

Colonies 

Colonies 

in  plate 

in  plate 

in  plate 

in  plate 

in  plate 

Water 

Taken  Im- 

End 2 

End  5 

End  ID 

Blank 

mediately 

Minutes 

Minutes 

Minutes 

1st  trial 

488 

I 

0 

0 

0 

2nd  trial 

86 

II 

4 

I 

0 

3rd  trial 

150 

17 

3 

0 

0 

4th  trial 

680 

45 

9 

2 

0 

Table  IV.  shows  that  in  the  cold  solution  of  r  gram  in  150  cc. 
of  water  95  per  cent  of  the  germs  taken  out  immediately  were  killed, 
while  all  were  killed  in  ten  minutes,  and  all  but  a  total  of  3  in  the 
four  trials  were  killed  at  the  end  of  five  minutes. 

Pearline  was  the  third  and  last  of  the  so-called  washing  powders 
experimented  with.  The  work  with  it  was  done  in  the  fall  of 
1901,  more  than  two  years  after  the  previous  work.  Enough  work 
was  repeated  with  both  the  gold  dust  and  savogdran  at  this  time  to 
insure  that  their  value  as  disinfectants  had  not  been  overestimated, 
and  that  the  previous  trials  had  been  substantially  correct  in  results. 
Pearline  was  used  in  the  samie  proportions  and  in  both  hot  and  cold 
solutions.  The  result  of  using  i  gram  to  300  cc.  of  water  can  be 
seen  in  Table  V. 

TABLE  V. 
One  Gram  Pearline  in  300  cc.  Cold  Water. 


Colonies  Colonies     Colonies     Colonies  Colonies 

in  plate  in  plate      in  plate      in  plate      in  plate 

Water  Taken  Im-    End  2       End  5       End  10 

Blank  mediately    Minutes     Minutes  Minutes 

1st  trial               24  3343 

2nd  trial            620  62              6  i  i 

3rd  trial             340  28             14  4  2 

4th  trial            825  130            26  8  o 

One  Gram  Pearline  in  300  cc.  Warm  Water. 

1st  trial               10  2               I  o  o 

2nd  trial            620  9130 

3rd  trial              24  5              6  2  o 
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With  a  solution  of  one  gram  of  pearline  in  300  cc.  of  cold  water 
93  per  cent  of  the  g-ernis  removed  immediately  were  killed  and  but 
three  in  the  four  trials  were  alive  at  the  end  of  ten  minutes.  With 
the  same  strength  of  solution  used  hot  98  per  cent  of  the  germs  re- 
moved immediately  were  killed.  But  three  trials  swere  made  with 
the  solution  as  the  results  have  come  out  practically  the  same  with 
the  other  washing  powders  and  an  analysis  had  shown  its  composition 
to  be  practically  the  same  as  that  of  the  others.  But  two  trials  were 
made  with  i  gram  to  150  cc.  of  water,  the  result  of  which  can  be 
seen  in  Table  VL 


TABLE  VI. 


One  Gram  Pearline  to  150  cc.  Cold  Water. 


1st  trial 
2nd  trial 


Colonies     Colonies     Colonies     Colonies  Colonies 


in  plate  in  plate  in  plate 
Water  Taken  Im-  End  2 
Blank       mediately  Minutes 


in  plate      in  plate 
End  5       End  10 
Minutes  Minutes 


One  Gram  Pearline  to  150  cc.  Warm  Water. 


1st  trial 
2nd  trial 


40 


Table  VI.  shows  that  where  the  solution  was  used  cold  95  per  cent 
of  the  germs  were  killed  when  removed  immediately,  and  all  were 
killed  at  the  end  of  ten  minutes.  With  the  hot  solution  all  germs 
were  killed  in  the  samples  removed  immediately. 

It  may  be  urged  that  the  increased  alkalinity  of  the  culture  media, 
due  to  the  adding  of  the  small  quantity  of  washing  powder  solution' 
may  have  interfered  with  the  developmient  of  the  germs.  But  .1  cc. 
of  the  solution  was  added  to  6  cc.  of  the  culture  media,  and  when 
titrated  it  was  found  that  the  alkalinity  had  increased  but  a  very 
little  after  adding  that  quantity  of  the  solution.  Moreover,  it  will  be 
noticed  that  in  a  few  cases  a  large  number  of  germs  developed.  The 
adding  to,  the  solution  to  the  media  may  have  interfered  with  the 
growth  of  the  germs,  which  is  doubtful,  but  if  it  did,  the  results  as 
shown  by  the  plates  would  prove  that  the  solution  was  a  very  good 
antiseptic  and  its  presence  even  in  minute  quantities  would  check 
the  growth  of  germs.    Tliis  fact  would  make  its  use  very  desirable. 

As  has  been  stated  before,  it  is  doubtful  if  washing  powders  will 
ever  supplant  the  better  known  disinfectants  in  surgical  cases  or 
contagious  diseases.  '  They  can  find  a  useful  field  in  the  dairy  and 
kitchen  where  the  use  of  all  the  other  disinfectants  are  either  objec- 
tionable because  of  their  odors,  or  dangerous  because  they  are  poi- 
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sonous.  In  the  large  creameries  where  more  or  less  milk  is  always 
slopped  around  and  soaked  into  the  woodwork  an  application  of  a 
hot  solution  of  washing  powder  at  the  rate  of  one  pound  to  about 
25  gallons  of  water  will  effectively  check  any  tendency  to  disagree- 
able odors  such  as  are  common  to  nearly  all  large  creameries  in  the 
summer  months.  It  is  difficult,  if  not  impossible,  to  render  every- 
thing thoroughly  clean  in  the  majority  of  cases.  A  good  disinfec- 
tant will  help  materially.  These  washing  powders  are  already  used 
in  creamery  work  to  a  great  extent  because  of  their  cleansing  proper- 
ties. The  hot  solution  is  applied  vigorously  with  a  brush  and  then  every- 
thing is  thoroughly  flushed  down  with  clean  water.  If  the  rule  was  re- 
versed the  treatment  would  be  more  effective.  The  floors  and  the  wood- 
work should  be  gone  over  well  with  hot  pure  water  and  then  covered 
with  the  hot  water  containing  the  washing  powder  which  should  be 
allowed  to  remain.  It  is  odorless  and  the  longer  it  can  be  allowed  to  re- 
main the  more  germ.s  it  will  kill,  and  after  all,  it  is  largely  the  germs 
which  develop  in  dirty  floors  and  get  into  the  cream  and  milk  that  cause 
the  damage  more  than  the  dirt  itself.  Washing  powders  can  also  be  em- 
ployed instead  of  steam  or  scalding  water  for  sterilizing  tinware  and 
handling  milk.  A  good  plan  would  be  first  rinse  the  can  free  of  all 
milk  by  the  use  of  cool  water  and  wash  with  warm  water.  Then 
add  a  solution  of  the  washing  powder  to  the  can,  thoroughly  shake  it 
up  to  be  sure  that  it  touches  every  part  of  the  can,  and  go  through 
all  the  tinware  used  in  that  way  and  then  after  the  first  can  has  stood 
for  five  or  ten  minutes  rinse  it  with  clean  well  water.  This  will 
insure  tinware  as  thoroughly  sterilized  as  it  would  be  were  it  turned 
over  a  steam  jet  for  a  few  seconds.  The  solution  is  tasteless  unless 
very  strong,  and  it  is  easily  rinsed  free  from  tinware,  so  there  is  no 
danger  of  its  tainting  or  injuring  the  milk.  As  was  stated  before,  the 
steam  jet  is  handy  and  it  is  preferable,  but  where  steam  is  not  tO'  be 
had  without  considerable  e.xpense  the  solution  of  washing  powder 
will  do  as  good  work  though  requiring  a  little  more  time  and  hand- 
ling the  vessels  treated. 

The  choice  of  washing  powders  is  more  a  matter  of  price  than 
brand  as  it  is  doubtful  if  there  is  one  with  any  more  merit  than  a 
number  of  others.  But  the  buying  of  washing  powders  in  large 
quantities  is  to  be  cautioned  against.  !  The  free  alkali  forms  a  car- 
bonate in  contact  with  the  air  which  decreases  its  value  very  mater- 
ially. Large  creameries  which  use  the  powder  in  quantities  could 
buy  by  the  keg  but  in  small  dairies  or  for  household  use  it  is  better 
to  buy  in  packages  at  wholesale  prices  by  taking  100  pounds.  If 
these  packages  are  airtight  they  will  keep  very  well  through  a  number 
of  months. 

SAL-iS0T>A  OR  WASHING  SODA. 

As  washing  soda  is  used  very  extensively  in  dairies  for  scrub- 
bing purposes  a  number  of  experiments  were  carried  out  with  it  to 
determine  if  it  had  the  same  antiseptic  properties  as  the  soap  powders 
or  washing  powders.    Practically  the  same  experiments  were  con- 
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ducted  with  it  as  it  was  used  in  both  hot  and  cold  solutions.  One 
gram  of  156  cc.  of  water  was  tried  first,  and  as  it  did  not  have  the 
desired  effect  it  was  thought  useless  to  try  the  soda  in  the 
proportion  of  i  gram  to  300  cc.  of  water.  The  result  of  the  trials 
with  I  gram  of  the  washing  soda  in  150  cc.  of  water  can  be  seen  in 
Table  Yll. 


TABLE  VII. 


One 

Gram  Washing  Soda 

in  150  cc. 

Cold  Water. 

Colonies 

Colonies 

Colonies 

Colonies 

Colonies 

in  plate 

in  plate 

in  plate 

in  plate 

in  plate 

Water 

Taken  Im- 

End 2 

End  5 

End  10 

Blank 

mediately 

^linutes 

Minutes 

Minutes 

1st  trial 

1,840 

1-425 

674 

236 

45 

2nd  trial 

660 

19 

12 

2 

00 

3rd  trial 

324 

115 

38 

12 

12 

4th  trial 

478 

89 

64 

18 

00 

One  Gram  Washing  Soda  in  150  cc.  Warm  Water. 


1st  trial 

1,800 

no 

10 

8 

7 

2nd  trial 

598 

14 

II 

5 

2 

3rd  trial 

439 

18 

8 

7 

3 

4th  trial 

168 

12 

7 

3 

0 

Table  VII.  shows  that  with  the  cold  solution  but  50  per  cent  of 
the  germs  removed  immediately  were  killed  and  98  per  cent  were 
killed  at  the  end  of  ten  minutes.  With  the  warm  solution  95  per  cent 
of  those  removed  immediately  were  killed  and  only  in  one  trial  were 
they  all  killed  at  the  end  of  ten  minutes.  The  principal  objection 
to  Avashing  soda  is  that  it  deteriorates  so  fast  that  it  requires  frequent 
purchasing  of  new  material  to  keep  it  efficient.  In  contact  with  the 
air  it  loses  its  water  of  crystalization  and  crumbles  away  to  a  white 
powder  that  actually  interferes  with  the  washing  of  tinware  by  set- 
tling on  the  surfaces.  Were  it  not  for  this  characteristic  it  would 
doubtless  be  about  as  desirable  as  any  of  the  so-called  washing  pow- 
ders which  do  not  have  this  objectionable  quality  to  such  a  marked 
degree. 

BAKING  SODA  FOB  WASHING. 

The  ordinarv-  baking  soda  is  often  recommended  for  washing 
purposes.  It  is  claimed  by  many  writers  to  be  especially  valuable 
for  cleaning  children's  nursing  bottles  after  the  milk  has  been  allowed 
to  sour  in  it.  A  few  trials  were  made  to  determine  if  the  baking  soda 
had  any  antiseptic  properties.  One  gram  to  150  cc.  of  water  was  first 
used  in  both  the  warm  and  cool  solutions  and  Table  VIII  shows  that 
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in  neither  case  was  there  any  ef¥ect  whatever  on  the  number  of  germs 
present.  Theire  was  as  many  germs  developed  in  the  plates  from 
the  samples  taken  from  the  water  blank.  Eight  germs  of  the  soda 
was  tried  in  150  cc.  of  cool  water.  With  this  amount  about  25  per 
cent  of  the  germs  removed  immediately  were  killed  and  at  the  end 
of  ten  minutes  about  97  per  cent  of  the  germs  had  been  killed.  This 
is  not  as  good  showing  as  that  made  by  the  washing  powders  at  the 
rate  of  i  gram  to  150  cc.  of  cool  water.  It  is  rather  hard  to  under- 
stand just  why  baking  soda  should  be  considered  a  good  cleansing 
agent.  It  could  not  have  any  of  the  properties  of  soap,  and  very  few 
of  thoise  of  free  alkali.  It  has  the  power  of  combining  wih  the  lactic 
add  which  gives  the  dirty  bottle  its  sour  odor,  and  would  destroy 
this  odor.  This  quality  is  objectionable,  however,  as  it  would  leati 
one  to  believe  the  bottle  clean  when  it  was  not  clean,  in  much  the 
same  way  as  perfume  makes  an  unwashed  person  less  objectionable. 
A  small  quantity  of  washing  powder  would  be  more  efficient  in  clean- 
ing the  dirt  from  the  bottle  and  would  thoroughly  sterilize  it  at  the 
same  time. 


TABLE  VIII. 


One  gram  of  baking  soda  in  150  cc.  cool  water,  had  no  effect  on  the 

number  of  germs. 
One  gram  baking  soda  in  150  cc.  warm  water,  had  no  effect  on  the 

number  of  germs. 

Eight  grams  baking  soda  to  150  cc.  cool  water. 


Colonies  in 
plate  water 
blank 

804 


Colonies  in 
plate  taken 
Immediately 

610 


Colonies  in 
plate  end 
of  2  min. 

196 
TABLE  IX. 


Colonies  in 
plate  end 
of  5  min. 


Colonies  in 
plate  end 
of  10  min. 

27 


Trials  of  Pure  Caustic  in  Solutions. 


Caustic  Soda,  i  to  2,000,  warm ;  had  no  effect. 
Caustic  Soda,  i  to  1,600,  warm;  had  no  effect. 


Caustic  Soda,  i  to  800,  Warm. 


Colonies 
in  plate 
Water 
Blank 

20 


Colonies 
in  plate 
Taken  Im- 
mediately 
II 


Colonies 
in  plate 
End  2 

Minutes 


Colonies 
in  plate 
End  5 

Minutes 


Colonies 
in  plate 
End  10 

Minutes 

6 
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To  determine  if  the  free  alkali  in  the  washing  powders  was  en- 
tirely responsible  for  their  antiseptic  properties  a  couple  of  trials  were 
made  with  caustic  soda.  As  the  washing  powders  contain  about  20 
per  cent  of  caustic  soda  at  the  rate  of  i  gram  of  washing  powder 
to  150  cc.  of  water  would  be  in  about  the  proportion  of  i  part  of 
caustic  soda  to  800  parts  of  water,  and  i  gram  of  washing  powder 
to  300  cc.  of  water  would  be  at  the  rate  of  i  part  of  caustic  to  1,600 
parts  of  water.  Table  IX  shows  the  proportions  of  the  pure  caustic 
used  and  the  results,  and  these  results  would  show  that  something 
else  aside  from  the  20  per  cent  of  the  free  alkali  in  the  washing  pow- 
ders increased  its  antiseptic  properties  to  a  very  marked  degree.. 
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INTRODUCTORY  NOTE. 

The  disease  of  horses,  so  well  known  on  the  Eastern  Shore  and 
in  the  lower  counties  of  Maryland  as  "Cerebro-spinal  Meningitis," 
"Staggers"  and  often  simply  as  the  "Horse  Disease,"  has  been  claim- 
ing the  attention  of  the  Veterinary  Department  of  the  Experiment 
Station  for  several  years. 

It  has  appeared  at  irregular  intervals  and  its  continuous  study, 
therefore,  has  been  impossible ;  yet,  it  has  been  present  more  or  less,' 
at  some  place  in  the  State  each  year. 

Many  outbreaks  of  this  disease  have  been  repoTted  and  com- 
mented upon  from  all  parts  of  the  country,  and  all  have  failed 
to  throw  any  light  upon  the  nature,  cause  or  means  of  com- 
bating it.  This  is  not  remarkable,  however,  when  we  consider  the 
short  duration  of  an  attack  and  the  difficulty  experienced  in  reaching 
the  cases  promptly. 

Bulletin  No.  53  of  this  Station  gives  a  brief  description  of  its 
symptoms.  In  sunmiing  up  the  post-mortem  appearances  in  that  re- 
port, we  find  but  little  if  anything  which  would  indicate  serious 
disturbances  in  the  body  organs.  Similarly,  all  reports  upon  tliis 
disease,  from  all  sources  and  under  any  of  its  many  names,  fail  to 
note  tissue  changes  or  lesions,  commensurate  with  the  intense  suf- 
fering, varied  symptoms  and  fatal  termination.  So  that  practically 
nothing  is  known  beyond  the  symptoms,  and  the  probable  termina- 
tion of  an  attack. 

The  outbreak  occurring  in  the  late  fall  and  winter  of  1900-1901 
was  especially  severe,  and  furnished  the  first  evidences  of  a  constant 
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tissue  chang-e.  The  determination  of  this  lesion  led  to  the  co-opera- 
tive w  ork  nf  the  Patholo£rical  Department  of  Johns  Hopkins  Univer- 
sity and  this  Station.  Unfortunately,  this  discovery  was  not  made 
until  the  disease  had  ceased,  practically,  to  exist,  and  since  that 
time  only  three  or  four  cases  have  been  available.  We  know^  now, 
positively,  where  the  diseased  area  exists  and  its  nature.  The  accom- 
panyin<^  text  furnishes  the  detailed  description  of  the  changes  that 
take  place  in  the  tissues.  It  yet  remains  to  find  the  cause  for  this 
destruction  of  brain  tissue  and  the  means  of  preventing  the  riisease. 
It  is  evident  from  an  examination  of  Plate  III,  Fig.  7,  that  there  is  no 
possil:)le  hope  for  a  cure,  in  such  an  advanced  case  as  this  represents. 

Further  investigations  necessarily  depend  upon  the  existence  of  affected 
animals,  their  observation  during  the  course  of  the  disease  and  their  exami- 
nation after  death.  This  work  can  be  greatly  augmented  by  having  proi'npt 
reports  of  the  existence  of  this  disease  anyzvhere  in  Maryland  and  communi- 
cations from  those  interested  in  the  solution  of  its  problems  are  cordially  in- 
vited. 

S.  S.  B. 


Plates  I.  II  and  III. 

A  recent  epizootic  among  horses  in  ?\Iary]and,  resulting  in  the 
death  of  a  great  many  animals  after  a  very  brief  illness,  has  led  to  the 
post-mortem  examination  of  a  number  of  such  animals  with  results 
v.hich  seem  worthy  of  note. 

The  disease,  which  is  popularly  known  in  this  region  and  probably 
elsewhere  as  "cerebrospinal  meningitis,"  presents  fairly  characteristic 
symptoms,  which  when  the  cases  appear  in  epizootic  form  lead  readily 
enough  to  a  diagnosis.  Prodromal  symptoms  are  not  always  present, 
'although  in  many  cases  a  general  malaise  may  be  noted  before  the 
acute  onset.  The  acute  symptoms  are  in  general  such  as  may  be 
referred  to  a  cercliral  lesion.  There  may  be  drowsiness  associated  with 
an  impairment  of  sight.  Partial  or  complete  paralysis  of  the  pharynx 
is  often  observed ;  twitching  of  the  muscles  of  the  shoulders  and 
thighs,  coldness  of  the  extremities,  and  a  general  condition  of  un- 
steadiness anrl  weakncs';  with  a  tendency  to  walk  to  one  side  or  a  stag- 
gering, objectless  gait,  arise  early  in  the  disease.  The  pulse  is  usually 
normal  ;  the  temperature  varies  between  06  and  103  degrees  F.,  an 
elevatt'd  tem])erature  usually  indicating  a  secondary  complication. 

TliL-  hor.->e  may  then  become  gradually  comatose,  responding 
sliglith-  or  not  at  all  to  stimuli  and  '^oon  sinking  to  the  stable  floor  not 
to  rise  again.  In  other  cases  there  is  a  wild  delirium,  the  animal  rear- 
ing about  and  rushing  b]indl\-  against  obstacles,  and  this  may  be  fol- 
lowed by  exhaustion  and  the  comatose  condition. 

The' duration  of  the  disease  varies  from  a  few  hours  to  a  week,  the 
average  l)eing  perliaps  72  hours.  Horses  which  recover  are  said  to 
become  "fiumniies" — animals  with  a  permanent  cerebral  lesion  and 
defective  intelligence. 
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The  following  pathological  report  is  based  on  the  examination  of 
four  brains,  brought  to  the  laboratory  by  one  of  us  (Buckley),  from 
animals  dying  in  the  acute  stages  of  the  disease.  Tliere  was  also  one 
brain  from  a  horse  wliich  was  said  to  have  had  the  disease  some  time 
before  and  to  have  recovered,  dying  afterward  from  some  other  cause. 

PATHOLOGICAL  KEPORT. 

Of  the  four  brains  from  acute  cases,  three  were  hardened  in  form- 
alin and  one  was  fresh.  Of  these,  none  showed  any  signs  of  the  pres- 
ence of  an  inflanuiiation  of  the  meninges  ;  there  was  at  most  a  trifling 
hyperaemia  of  the  pia  mater.  The  surface  of  the  fresh  brain  showed 
no  localized  or  circumscribed  alterations  in  color,  but  the  normal  level 
of  the  convolutions  was  not  everywhere  preserved.  In  the  frontal 
region  on  each  side,  anterior  to  the  motor  region  of  the  cortex,  there 
was  a  slightly  depressed  area  which  was  softly  fluctuant, but  not  marked 
out  by  any  superficial  hyperaemia  or  discoloration.  On  cutting  through 
this  brain  a  glairy  fluid  with  small  granular  pulpy  masses  of  whitish 
tissue  flowed  out  from  the  softened  area,  and  the  rather  thin  roof 
composed  of  the  meninges  with  the  grey  cortex  collapsed  over  the 
cavity  thus  left.  The  lesion  seemed  almost  entirely  limited  to  the 
underlying  white  matter,  which  throughout  an  irregular  area,  perhaps 
2X1  cm.  in  diameter  in  the  left  hemisphere,  and  a  symmetrically 
placed  focus  5  cm.  in  diameter  in  the  right,  was  completely  softened 
into  a  diffluent  mass  made  up  as  described  of  shreds  of  softened,  nec- 
rotic-looking,  greyish  white  brain  substance  lying  in  a  greyish,  glairy 
or  somewhat  glutinous  fluid.  The  portions  of  the  brain  substance 
forming  the  lining  of  the  cavity  could  be  fairly  sharply  outlined  from 
the  adjacent  more  normal  white  matter  by  its  softness  and  raggedness, 
by  its  mottled  greyish  and  yellowish  opacity  with  translucent  areas, 
and  by  the  presence  of  numerous  minute  haemorrhages  sprinkled 
through  it  and  adding  to  its  mottled  appearance.  The  remaining  brain 
substance  showed  no  apparent  abnormality.  Tlie  lining  of  the  cerebral 
and  olfactory  ventricles  was  not  congested  nor  inflamed.  The  blood 
vessels  were  carefully  traced  and  showed  no  thrombotic  occlusion 
at  any  point. 

Examined  microscopically  in  the  fresh  state,  the  softened  material 
showed  necrotic  cells  and  cell  fragments  of  various  forms ;  there  were 
also  beaded  elongated  fibrils  thought  to  be  axis  cylinders  with  adher- 
ing myelin  droplets.  But  few  nuciei  were  found.  No  bacteria  were 
found  by  the  ordinary  staining  methods. 

Cultures  were  made  aerobically  and  anaerobically  on  various  media 
— agar,  glycerin  agar,  blood-serum  agar,  hydrocele-fluid  agar,  etc. — 
but  all  were  negative.  A  rabbit  inoculated  with  I  cc.  of  an  emulsion  of 
the  softened  material  into  the  ear  vein  remained  well. 

The  appearance  of  the  hardened  brains  corresponds  very  closely 
with  that  just  described.  Nowhere  were  any  blood-vessels  thrombosed 
or  occluded  in  any  way.  Nowhere  was  there  evidence  of  inflammation 
of  the  meninges.  Section  of  the  cerebral  hemispheres  showed  irregular 
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areas  in  the  white  matter  of  the  occipital  as  well  as  the  frontal  lobes, 
and  once  in  the  temporal  lobe,  in  which  the  brain  substance  had  been 
softened  and  partly  replaced  by  a  translucent  coagulated  substance 
resembling  agar.  Shreds  of  greyish  brain  substance  coursed  through 
this  clear  gelatinous  material.  The  adjacent  greyish  and  opaque  brain 
substance  was  'studded  .with  haemorrhages  through  a  thickness  of  about 
3  mm.  Where,  as  in  some  cases,  the  areas  of  softening  were  made  up 
mainly  of  the  greyish  necrotic  brain  substance  without  much  collection 
of  fluid,  the  haemorrhages  were  scattered  throughout.  In  no  instance 
did  the  cortical  grey  matter  appear  to  be  implicated,  nor  were  the 
basal  ganglia  invaded. 

Microscopically  the  lesions  are  practically  identical  in  all  the  four 
cases  except  that  while  in  all  the  process  is  quite  acute,  in  one  the 
destruction  was  less  complete  than  in  the  others  and  the  replacement 
of  the  necrotic  material  by  coagulable  fluid  less  extensive.  A  general 
view  of  a  section  carried  through  the  cortex  into  the  centre  of  such  a 
focus  shows  the  meninges  practically  normal,  the  elements  of  the 
grey  cortex  not  notably  altered,  the  nerve  cells  staining  well,  the 
blood-vessels  patent  and  filled  with  blood.  Passing  inward  tlie  nervous 
elements  begin  rather  abruptly  to  degenerate,  disintegrate  and  disap- 
pear, and  haemorrhages  begin  to  occur  here  and  there ;  further  toward 
the  centre  no  more  nerve  cells  are  visible,  axis  cylinders  are  nnich 
degenerated,  neuroglia  cells  stain  badly,  and  the  tissue  has  a  much 
disintegrated  appearance,  being  infiltrated  with  not  very  numerous 
polymorplionuclcar  leucocytes  and  fewer  mononuclear  round  cells. 
Still  further,  and  all  evidence  of  tissue,  except  for  small  islands  of 
necrotic  substance,  disappear  in  the  highly  refractive  vacuolated  hya- 
line material  descriljcd  (Plate  I,  Fig.  i).  We  have  then  to  consider 
in  detail : 

1.  Changes  in  nervous  elements. 

2.  Changes  in  neuroglia. 

I,  ^,  3.    Changes  in  blood-vessels. 

,f    4.    Changes  in  lymphatics. 

.,   5.    Exuded  fluid  and  cells. 

The  pyramidal  ganglion  cells  which  send  down  their  axis  cylinders 
through  the  degenerated  area  appear  normal  in  the  uninvolved  portion 
of  the  cortex.  The  periganglionic  cells  may  perhaps  be  more  than 
usually  numerous.  In  the  lower  layers  as  one  approaches  the  degen- 
erated area  the  ganglion  cells  become  swollen  and  granular,  the  nucleus 
stains  less  sharply,  and  the  cell  processes,  so  definite  in  the  higher 
layers,  have  been  lost  or  disappear  after  a  very  short  course,  forming 
mere  projections  from  the  outline  of  the  cell.  Many  such  cells  take 
on  a  rounded  outline  and  af)])car  now  as  large,  irregularly  rounded, 
granular  cells  with  rather  diffusely  staining  nucleus.  Indeed,  as  in 
Fig.  6  (Plate  III),  such  cells  may  be  seen  in  the  same  field  with 
their  disintegrating  processes  which  are  slightly  separated  from  the 
cell  body ;  others  still-  more  degenerated  have  lost  their  nuclei.  The 
much-degenerated  cells  lie  in  a  tissue  of  axis  cylinders  and  neuroglia 
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which  is  thickly  sprinkled  with  globules  of  various  sizes  of  high  refrac- 
tive index  and  staining  faintly  bluish  with  haematoxylin.  In  speci- 
mens stained  by  Weigert's  inethod  these  globules  take  the  typical 
myelin  stain. 

The  axis  cylinders  are  somewhat  swollen  and  thick  and  show  evi- 
dences of  (lisinlegratii )n  (I'lalc  11,  i'^ig.  5).  They  persist,  however, 
fairly  well  into  the  coni])lclcly  necrotic  substance,  where  they  end 
abrLiptl\-.  Throughout  the  degenerated  area  their  myelin  sheaths  are 
br.  liken  nj)  into  the  globules  described  above,  many  of  which  adhering 
to  the  axis  cylinders  give  rise  to  the  varicose  appearances  or  bulbous 
swellings  along  the  course  of  the  fibril.  In  specimens  prepared  by 
Marchi's  method  such  varicose  beaded  masses  often  stain  black. 

The  neuroglia  has  also  suffered  severely.  Traced  by  the  aid  of 
Mallory's  special  methods  from  the  relatively  normal  cortex  toward 
the  centre  of  an  area  of  softening,  the  dense  matted  feltwork  of  the 
outer  region  is  seen  to  give  place  to  a  delicate  network  of  finer  deeply 
staining  fibrils,  which  in  their  turn  com])letely  (lisapi)ear  further  to- 
ward the  centre,  leaving  the  material  there  without  any  definite  neur- 
oglia stain  and  consisting  of  necrotic  debris  of  cells  and  tissue  without 
connecting  supporting  substance.  Associated  with  this  gradual  disin- 
tegration of  the  neuroglia  feltwork  there  are  changes  in  the  neuroglia 
cells.  These  lose  the  sharp  contours  of  their  nucleus,  which  comes  to 
stain  a  diffuse  greyish  purple  without  any  sharply  stained  chromatic 
particles  ;  such  nuclei  become  more  and  more  indistinct  and  finally 
disintegrate. 

Even  more  striking  than  these  destructive  degenerative  changes 
in  the  nervous  elements  and  the  neuroglia  cells  and  fibrils  are  the 
changes  in  the  blood-vessels  of  the  affected  area. 

It  was  stated  above  that  exanu'nation  of  the  vessels  macroscopically 
and  with  scissors  failed  to  reveal  anywhere  the  presence  of  an  occluding 
thrombus  or  end)olus.  Sections,  too,  made  to  pass  tln-ough  the  blood- 
vessels in  those  brains  already  hardened  when  brought  to  the  labora- 
tory showed  them  tO'  be  filled  only  with  blood.  In  the  area  of  deg'  i- 
eration,  however,  wherever  small  vessels  are  left  they  may  sometii  es 
be  found  filled  or  partly  filled  with  an  elongated  highly  refractive  hya- 
line mass,  the  free  ends  of  which  may  be  rounded  off  or  pass  over 
insensibly  into  the  adjacent  compressed  and  coalescing  red  blood-cor- 
puscles. Such  hyaline  formations  have  been  found  mainly  in  the 
smallest  vessels  and  in  the  degenerated  area.  Sometimes  the  lumen 
is  only  partly  filled  and  the  hvaline  material  may  show  gaps  in  which 
lie  red  corpuscles  (Plate  I,  Fig.  2),  or  it  may  form  a  thick  bluish- 
staining  lining  for  the  vessel  in  the  lumen  of  which  lie  the  red  cor- 
puscles. 

The  walls  of  the  vessels  in  these  areas  show,  however,  extensive 
inflammatory  changes.  They  are  infiltrated  (Plate  II,  Fig.  4),  with 
cells  of  the  type  of  the  polymorphonuclear  leucocvte  for  the  most  part, 
but  occasionally  mononuclear  or  so  fragmented  as  to  be  difficult  of 
diagnosis.  This  process  affects  arteries  as  well  as  the  veins,  and  the 
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infiltration  extends  throughout  all  the  coats.  The  adventitial  lym- 
phatic shcatli  is  in  most  cases  distended  and  may  contain  masses  of 
polynuclear  and  mononuclear  cells  with  red  corpuscles.  Very  often, 
however,  this  sheath  contains  only  red  corpuscles,  but  these  in  such 
numbers  as  to  distend  it  to  a  diameter  far  greater  than  that  of  the  blood- 
vessel. It  seems  most  probable  that  this  haemorrhage  has  occurred 
by  diapedesis,  constituting  one  of  the  evidences  of  inflammation,  but 
here  and  there  there  are  apparently  evidences  of  the  direct  rupture  of 
the  wall  of  a  small  vessel.  The  distended  lymph  sheath  may  also  rup- 
ture ;  at  any  rate,  in  nearly  every  case  there  is  a  zone  of  haemorrhage 
in  the  tissues  around  about  it.  Such  extravasatcd  red  blood-corpus- 
cles, like  those  within  the  sheath  and  the  blood-vessel,  are  in  a  good 
state  of  preservation,  indicating  the  extreme  acuteness  of  the  process. 
There  is  nowhere  any  definite  accumulation  of  haematoidin  or  hae- 
mosiderin  toi  be  found  in  the  tissues  or  in  the  lymphatics — further  evi- 
dence of  the  rapid  course  of  the  disease. 

The  small  vessels  lying  in  the  centre  of  such  haemorrhages  are 
very  commonly  such  as  arc  plugg-ed  with  the  rather  blue-staining  hya- 
line masses  already  described  (Plate  I,  Fig.  2).  Other  vessels  may 
contain  a  similar  hyaline  material  and  indeed  hyaline  is  often  found 
both  within  and  surrounding  the  vessel.  Especially  is  this  true  in  the 
case  of  some  of  the  larger  vessels  lying  within  those  meningeal  pro- 
cesses which  pass  deep  into  the  sulci.  There  the  surrounding  tissue 
is  spread  apart  by  the  presence  of  this  coagulated  material. 

The  nature  of  the  hyaline  substance  ofTers  perhaps  some  diffi- 
culty of  explanation.  Leyden  and  Goldscheider^  express  themselves 
as  follows : 

Soiiietinics  in  oedema,  wftening  or  mcute  influ/mmation  of  the  cord  one 
finds  in  soot  ion«  stniotnrt'lpss  amorphous  masses.  Thesi»  occur  in  the 
centrnl  eanal.  in  1lie  crcy  snhstance.  less  often  in  the  wiiitf'  matter,  often 
aliont  the  \esspls.  'I'lii^  ]ilictiiMnrii(in  is  (>x  [)la  i  iierl  in  vafions  ways:  l)y 
.««n)e  thou.i^lit  to  he  coa  lmiI  1 1  a  11  n  i  ii  i  i  n .  ,11  s  (vr  tihi-innns  exiidalc,  by  others 
•jnte,T|)ir*^ted  as  a  crjlhiiil.  hyaline  iniiniiit  nr  i;i'la t i  11 1  ms  dciifniM-ation  of 
softened  nerve  'suhstanee  or  swoillen  and  diseased  neurnfrlia.  It  is  this 
strnctureless  mass  -wliieh  Loelv-hart  ('larl<e  (h-sci-ilied  as  "urannhir  or  fluid 
disintefj-ration."  Aecordini;:  to  tliat  author  it  consists  in  a  smftenin?  and 
desltmetion  nf  tlie  norxe  ti<s',ie  and  its  change  int.)  a  L'Tarnilar  mass  which, 
with  the  exn.l.-d  thiid.  mixes  in  form  a  li(.ni"i;cneoiis  snl. stance.  These 
wiasises  take  tlic  carmine  stain  \ery  wcalvly.  Their  natnr(-  is  n.it  yet  settled; 
it  is  even  qnct  innal.le  wlicllicr  thi'  niatcriat  nndcr  di-^ciissicn  is  everywhere 
the  same.  'I  lie  ix-iiva^c  ular  massi  s  arc  nio-t  [irdhaldy  exudate:  whether 
this  willJiohl  for  all  similar  forms  is,  however,  nncertain.  The  attempts  to 
determine  the  nature  of  the  substances  by  various  stains  have  so  far  not 
V;een  successful. 

The  problem  before  us  is  somewhat  similar.  The  hyaline  material 
\v\th\n  and  about  the  meningeal  vessels  looks  at  times  as  if  it  had  been 
produced  by  the  coalescence  of  red  corpuscles,  but  in  general  it  is  too 
abundant  and  homogeneous  to  be  explained.  It  is  rather  denser  and 
more  refractive  than  coagulated  plasma  would  appear,  and  with  water 

1  Die  Erkrankvmgen'des  Eiielcen marks  und  der  Medulla  oblongata,  ir^ 
Nothnagle's  Spec.  Pat<h.  \i.  Therap.  Bd.  X,  Wien,  1897. 
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bltie  it  stains  brilliantly.  In  its  gfeneral  appearance  and  reaction  it 
agrees  fairly  well  with  the  larger  hyaline  masses  in  the  areas  of  necrosis. 
Such  hyaline  material  occurs  also  scattered  about  among  the  tissue 
elements,  but  nearly  always  about  a  vessel  except  in  the  most  degener- 
ated areas  where  the  tissue  becomes  necrotic  and  entirely  gives  place 
to  the  structureless  mass.  There  is  even  difficulty  at  times  in  outlin- 
ing- this  necro^tic  substance  from  the  hyaline  material.  Highly  refrac- 
tive as  elsewhere  it  shows  here,  too,  the  tendency  to  contract  and  leave 
vacuoles,  probably  as  the  efYect  of  the  hardening  reagent,  so  that  tlie 
great  central  mass  has,  as  a  rule,  an  appearance  almost  like  the  cut 
surface  of  a  Gruyere  cheese  (Plate  I,  Fig.  3).  Often  in  such 
vacuoles  a  delicate  coagulum  can  be  made  out,  suggesting  the  pres- 
ence there  of  a  fluid  of  less  density.  The  highly  refractive  substance 
is  somewhat  denser  about  the  vacuoles.  It  is  apparently  very  brittle  in 
the  sections  and  shows  cracks  and  fissures  here  and  there.  It  stains 
with  eosin,  taking  a  fairly  bright  pink  color;  Congo  red  tinges  \t 
brick  red.  Van  Gieson's  stain  leaves  it  pinkish  yellow — neither  defi- 
nitely red  nor  definitely  yellow — with  water  blue  and  fuchsin  it  stands 
out  sharp'ly  from  the  adjacent  substance  by  its  bright  deep  blue  color ; 
so  also  do  the  masses  in  and  about  the  vessels.  With  Mallory's  phos 
photungstic  acid  haematoxylin  it  stains  a  rather  pale,  purplish  pink  ; 
with  his  modified  stain  for  connective  tissue  as  applied  to  the  nervcus 
system,  it  takes  a  dense,  deep  purple  color.  With  methylene  blue, 
carbol  fuchsin,  Weigert's  fibrin  stain,  etc.,  it  is  hardly  tinged  at  all. 
Osmic  acid  does  not  stain  it ;  in  a  Marchi  preparation  it  is  just  visible 
as  a  smoky  area. 

The  material  stains  therefore  with  acid  dyes,  in  which  respect 
(according  to  the  hypothesis  of  P.  Ernst)  it  corresponds  to  that  forT^i 
of  hyaline  derived  from  epithelial  cells.  Nervous  elements  being  of 
epiblastiic  origin,  might  perhaps  furnisli  the  great  mass  of  hyaline  in 
the  centre  of  the  focus.  There  would  be  difficulty,  however,  in  thus 
explaining  the  presence  of  a  substance  staining  in  exactly  the  same 
way  in  and  about  the  arteries  as  well  as  the  veins,  and  we  must  pro- 
bably consider  this  one  of  the  exceptions  to  the  rule,  as  is  the  colloid 
of  the  thyroid  which,  although  derived  from  epithelium,  stains  red  with 
Van  Gieson's  stain. 

In  the  smaller  vessels  in  the  neighborhood  of  the  most  intense 
degenerations  the  hyaline  masses  described  above  stain  rather  bluish 
with  the  haematoxylin  and  eosin  stain,  which  seems  to  indicate  that 
they  are  not  quite  identical  in  nature  with  the  remaining  hyaline 
substances  diescribed. 

As  started  above,  the  central  hyaline  mass  in  each  focus  is  bound- 
ed by  ragged  edges  of  necrotic  substance  with  here  and  there  free 
i.'-lands  of  such  tissue.  Nowhere  are  there  anv  evidences  of  the  least 
pressure  on  this  tissue,  which  becomes  gradually  rarefied  toward  the 
marcrin  where  it  quite  disappears.  This  mass  is,  therefore,  in  all 
probability  the  result  of  the  breaking  down  of  the  brain  substance — 
perhaps  added  toi  also  by  exudation  of  fluid  from  the  vessels. 
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The  exudation  of  leucocytes  is  not  very  abundant  in  the  sections. 
Beside  the  infiltration  of  the  walls  of  the  small  vessels  and  the  tissue 
surroundinor  them,  leucocytes  are  found  sprinkled  in  considerable  num- 
i;ers  throug-h  the  most  degenerated  tissue  in  vlie  focus  where  it  bord- 
ers upon  the  hyaline  material.  These  leucocytes  are  easily  distin- 
guished by  their  sharp  staininjr  from  the  greyish  purple  degenerated 
neuroglia  nuclei  which  persist  there. 

Besides  the  leucocytes  there  are  a  few  somewhat  larger  round 
cells  with  small  single  round  nuclei  and  granular  protoplasm.  These 
ap])car  to  Ik:  analogous  to  the  fat  granule  cells  which  are  so  common  in 
iiitlanimatory  diseases  of  the  nervous  system  of  longer  standmg,  they 
are  however  rather  scarce,  and  althoug-h  in  a  Marchi  preparation  they 
can  be  made  out  to  contain  blackened  fat  droplets,  they  are  by  no 
means  a  prominent  feature  in  the  section. 

The  process  is  therefore  predominantly  a  destructive  rather  Jhan 
an  exudative  one.  To  resume,  we  have  an  acute  disease,  rapidly  fatal, 
producing  large  areas  of  complete  destruction  of  the  brain  substance 
in  which  the  anatomical  elements  are  disintegrated  and  largely  re- 
plciced  bv  a  colloid-like  material.  In  the  neighborhood  the  blood- 
vessels arc  acutely  inflamed,  there  is  exudation  of  leucocytes  into  the 
v-essel  walls,  and  throughout  the  adjacent  tissue,  with  passage  of  the 
red  corpuscles  into  the  perivascular  lymph  sheath  and  into  the  adja- 
cent tissues,  these  focal  extravasations  giving  the  inflammatory  pro- 
cess its  haemorrhagic  character. 

The  various  forms  of  acute  haemorrhagic  encephalitis  in  man  as 
described  by  Wernicke,  Striimpcll,  Friedmann  and  others  seem,  as  a 
rule,  to  progress  less  rapidly  and  to  be  nutch  less  violently  destructive 
tlian  this  form.    Anatomically,  however,  the  conditions  are  analogous. 

In  horses  the  disease  is  apparently  fairly  v»ell  recognized.  Fried- 
berger  and  Frohner,^  giving  the  bibliography,  summarize  the  results 
of  investigation  into  the  pathology  of  acute  encephalitis  about  as 
follows : 

Ln-oal  nnn-piiriilcmt.  pirceplinlitis  o-coiirs  in  irrctrnlnr,  roiinri  foci,  mostly 
of  the  si/c  of  .-1  poa  to  tlmt  of  a  IkmTs  ("^-is.  soTiict i rncs  even  iiivnlvint^  a  whole 
lohp  of  1h-   hrain,   l.Mt    not   sn.arplv  liiniln].     .\1    first    the   place   is     1  i .j-h 1 1  y 

diffusely  i-.-o,  I,,  iir.l ,   tlii^  lH'iii:_.   .    r.-lloucl  liy  a   swellin.j-  mid  soiftcnin": 

froail  sci-ions  i\  filial  ion.  wiini.  a  !■( 'i  i  nl  i  n lo  Si-liiit/,  the  cells  O'f  the  iieiirosr- 
lif!   n-nd   the   -an-Mon    rclN.   are  Men    ami    L'l-aniilai-.    .ami    finally'  Iliulerg-O 

fatt:-,-  (Iceciii  ralioii;  !lie  axi-  e>  I  lie  I.  I  -  ai-  ai-ie,,-e  ami  the  -lia  tissue  infil- 
trated with  the  small  cells,  T'lie  foeii-  iimlereoes  m.a  ccra  t  i  o  ii .  sucMinir  and 
liqiieifactioii,  ivsnltin;>-  finally  in  a  softened  mass  consist  i  ii<r  of  disiiiteLrrated 
(\r>(\  fa^tty  .sjlia  ajvd  .i;-an  id  ion 'cells.  lcn<a.cytcs  ai'il  free  fat-e^lobiilar  ctdls,  and 
is  fvpokcn  of  ns  simple  i n tla  m nia  1  ion  of  the  lirain  or  i n flainniatory  softening 
of  t.he  hrain,  d  is  t  i  n  n  i  slialile  from  isehacniic  enccphalniniahacia  by  the  exu- 
dation of  leuciicytes.  This  m.ay  l)e  all,  but  often  there  are  compilieatini? 
haemorrhages  L'i'^  infr  ri-e  f  .  .  In  i  im  i?a-has;ac  inflammation  of  the  brain.  With 
rlie  de.exinipni?!.iition  of  tl  <  I  m  i  '  In  in  snch  a  foeiiis  ithie  polor  di.sapipeiar.s 
prn'hially  and  becomes  ;  '  i         !       Ihcn  as  the  mass  of  di.s  in  teg-rated  tissue 

2  Le-hrb.  d.  Wpec.  I'aili.  u.  1  liciap.  d.  Ilausthiere,  Bd.  ii,  p.  79,  2te  Anfl., 
Stuttgart,  1889. 
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and  exiulate  becomes  more  fluid,  there  is  formed  either  a  grey  gelatinous 
TijasB  or  cyst,  or  ftnialily  a  scar  arises. 

This  description  would  apply  to  the  cases  described  above  fairly 
well  except  that  the  g-elatinous  fluid  mass  appears  only  at  the  end 
where  the  process  is  on  the  way  to  healing-,  whe!reas  in  our  cases  the 
brain  substance  throughout  a  large  focus  is  quickly  reduced  to  a 
g,c-latinous,  structureless  mass  of  necrotic  and  hyaline  material. 

The  single  case  of  our  series  in  which  recovery  from  the  disease 
had  occurred  showed  in  the  frontal  lobe  of  one  hemisphere  a  depres- 
sion which  on  section  of  the  brain  corresponded  with  an  elongated, 
grey,  translucent  scar  which  ran  deep  into  the  substance  of  the  brain, 
'i'his  microscopically  showed  only  a  loose  granulation  tissue  with 
iiinnerous  cells  reseml'ling  the  fa*  granule  cells.  Of  course,  whether 
or  not  it  was  really  the  end  product  of  such  a  condition  as  described 
above  depends  on  the  accuracy  of  the  diagnosis,  but  as  the  symptoms 
aie  fairly  characteristic  and  the  scarred  condition  of  the  brain  about 
what  might  be  expected  as  the  final  result  of  the  anatomical  process, 
it  seems  probable  that  this  was  an  instance  of  recovery  from  the 
afYection  here  described. 

Addendum. — Since  the  above  was  sent  to  press  there  has  occur- 
red another  outbreak  of  the  disease  in  Southern  Mi^ryland  in  the 
course  of  which  great  numbers  of  horses  have  died.  We  were  able  to 
make  three  autopsies  on  animals  in  which  the  symptoms  during  life 
were  such  as  were  described  above.  The  two  horses  when  seen  were 
comatose  while  the  third  animal— a  mule — had  died  after  a  short  but 
violent  delirium.  As  the  horses  were  obviously  dying  they  were  killed, 
but  the  autopsies  revealed  noi  recognizable  macroscopic  lesion.  Micro- 
scopically, however,  the  vessels  in  the  substance  of  the  brain  show  in 
many  places  an  acute  inflannuatory  affection  of  and  around  the  walls, 
and  here  and  there  in  their  neighborhood  there  is  infiltration  of  the 
tissue  with  mononuclear  polymorphonuclear  and  eosinophilic  leuco- 
cytes. No  widespread  destruction  such  as  that  described  for  the  i)re- 
vious  cases  was  found  in  these  cases,  and  it  is  clear  that  they  repre- 
sent an  earlier  stage  of  the  afYe^tion  than  that  described  above. 

Bacteriological  examination  in  these  cases  led  also  to  no  sat- 
isfactory results.  Cultures  from  the  organs  of  the  horses  were  sterile 
except  for  occasional  obvious  contaminations.  A  rabl)it  inoculated 
with  an  emulsion  of  the  brain  substance  of  the  mule,  which  had  been 
dead  48  hours,  died  with  a  general  infection  with  a  bacillus  probably 
of  the  hog-cholera  group  and  very  virulent  to  rabbits.  Further  studv 
of  this  organism  will  be  made  but  it  is  nf)t  likely  that  it  has  any  rela- 
tion to  the  disease  in  question. 
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DESCRIPTION  OF  PLATES  I,  II  A>'D  JIT. 


PLATE  1. 

Fir.  1.  Photo£rrap'h  nf  a  seciinn  throiij>yi  part  of  a  focus  of  encephalitis 
sliowinj^  tho  disin.te^r-aticmi  of  the  white  matter,  and  tJie  cemtral  hyaline 
substance. 

Fig.  2.  Small  vessel  with  extrava.sation  of  blood  into  its  lymph  sheath. 
The  vessel  is  jjui  Uv  lilled  with  a  hyaline  material. 

Fig.  ;;.  (Viilral  portion  ol'  a  large  focus,  showing  the  margin  of  the 
necrotic  material  ami  the  central  hyaline  substance  with  vacuoles. 

PLATE  II. 

Fig.  4.  Small  vessel  with  cellular  infiltration  of  the  wall,  the  perivas- 
cular lyniiph  sheaitih  t>eing  disrtiended  with  blood. 

Fig.  ,").  Nerve  fibres  xindergoing  degeneration.  The  mj-elin  sheath 
forms  droplets  or  varicosities  along  t.he  axis  cylinder.  Otiher  highly  refrac- 
tive droplet.s  are  scattered  alx)ut  in  the  tissue. 

PLATE  III. 

Fig.  6.  Ganglion  cells  which  are  losing  their  processes  and  becoming 
roimded—  steps  toward  their  complete  di^-integ-ration. 

Fig.  7.  Photograph  of  a  sei  tion  of  the  brain,  showing  the  entire  area 
of  disintegration.    Such  a  ivell-niarlii  il  case  is  rarely  seen. 


FIG.  3. 


I 


I'LATK 


9 


6> 


^      «3S^  VtO 


F!G.  4. 


PLATE  ii 


FIG.  7. 
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SOILS  AND  FERTILIZERS  FOR  GREEN  HOUSE  CROPS. 


By  H.  J.  Patterson  and  Thos.  H.  Wliite. 


INTRODUCTIOX. 

The  time  has  been  when  the  gardener  under  glass  threw  over 
many  cf  his  operations  more  or  less  mystery;  particularly  was  tlii--> 
true  with  regard  to  the  soil  preparations  which  were  used  and  the 
methods  of  fertilization  followed.  But  with  the  extensiio^n  of  this 
industry  the  secrets  have  not  been  so  carefully  guarded  and  what 
was  once  seemingly  mystery  is  now  seen  to  be  quite  simple.  The 
soil  prei)arriti')iis  now  connnonly  recognized  as  thoroughly  satisfac- 
tory for  ncarl\  all  classes  of  green  house  crops  consists  of  making 
a  compost  of  good  old  pasture  sods  with  cow,  horse  and  sheep  man- 
ure. The  texture  or  mechanical  condition  of  the  soils  are  varied 
through  the  addition  of  sand  or  clay  and  using  varying  proportions 
of  cow  or  horse  manure  so  as  to  make  a  soil  wliich  will  meet  the  re- 
quirements of  different  classes  of  i)lants. 

For  fertilization  stable'  manure  has  been  the  chief  reliance,  and 
in  most  all  cases  has  fnnli^hc•(l  all  that  could  be  desired. 

This  system  which  is  so  simi)le  and  which  gives  such  satisfactory 
returns  would  meet  all  the -requirements  of  the  culturist  under  glass, 
provided  that  a  sufficient  supply  could  alwavs  be  had  within  easy 
reach.  Unfortunately,  the  locaticju  and  surroundings  of  most  green 
houses  are  sucli  that  the  old  sods  are  consumed  within  a  few  years 
and  the  suppl\-  of  the  proper  kind  of  stable  manures  is  limited.  There 
is  no  doubt  but  there  is  need  of  much  more  study  upon  the  charac- 
ter of  the  soils  and  fertilizers  which  are  adapted  to  various  classes  of 
plants  and  even  to  different  varieties  of  the  same  plant.  For  instance, 
the  wide  variation  in  the  results  which  are  being  obtained  with  the 
same  varieties  of  carnations  are  no  doubt  in  a  large  measure  due 
to  the  character  of  soils  and  manures  being  used  by  different  growers. 

With  the  idea  of  throwing  some  light  on  this  subject;  particularlv 
of  trying  to  help  those  who  cannot  procure  a  supply  of  old  sods  and 
cow  manure  easily  and  economically  a  few  experiments  were  under- 
taken and  the  results  recorded  in  the  following-  pages. 

It  is  to  be  regretted  that  these  experiments  are  not  more  thor- 
ough and  that  they  do  not  cover  a  wider  range  of  conditions  and 
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possibilities.  But  this  work  could  only  be  done  on  a  limited  scale  and 
at  times  and  upon  space  which  was  not  needed  for  other  work. 
Then,  too,  r.-ur  green  house  facilities  at  best  are  rather  limited. 

The  experiments  treated  in  this  bulletin  will  be  discussed  under 
the  following  heads  : 

1.  — Soil  preparation. 

2.  - — Methods  of  using  stable  manure. 

3.  — The  use  of  street  sweepings  in  the  green  house. 

4.  — Methods  of  transplanting  lettuce  as  effecting  the  use  of 
fertilizers. 

5.  — Feeding  chrysanthemums  with  fertilizers  in  solution. 

6.  — Commercial  fertilizers  on  lettuce. 

I.     Soil  Preparations. 

As  has  already  been  stated  soils  which  are  the  result  of  composting 
or  decomposing  old  sods  meets  almost  ever}^  requirement  of  green 
house  crops  and  when  this  class  of  soil  can  be  had  in  an  abundance 
it  leaves  little  if  anything  else  to  be  desired.  But  as  there  are  many 
who  find  it  impossible  to  obtain  sufificient  sod  for  composting  and 
with  a  view  of  aiding  this  class  in  their  search  for  a  satisfactory  sub- 
stitute for  the  sod  the  following  experiments  were  undertaken.  These 
tests,  though  not  conclusive,  yet  may  be  of  some  help  and  the  results 
are  in  the  nature  of  a  report  of  progress. 

In  general  agriculture  and  with  truck  crops  in  the  field  it  has 
been  found  that  the  use  of  green  manures  can,  in  a  large  measure,  be 
made  to  act  as  a  substitute  for  sods  in  bringing  up  and  maintaining  a 
proper  amount  of  organic  matter  in  the  soil  and  thus  a  good  phy- 
sical condition.  Now,  why  may  not  the  soils  for  green  house  crops 
be  prepared  by  using  green  crops  as  a  source  of  organic  matter  and 
plant  food  or  as  a  substitute  for  old  sods?  If  green  crops,  such  as 
crimson  cjover,  cow  peas,  &c.,  can  be  used  as  a  substitute  for  sod 
it  is  very  certain  that  many  who  now  have  much  difficulty  in  obtaining 
sod  could  easily  grow  a  green  crop  fcrt-  the  purposes  of  composting 
to  furnish  the  green  house  soil. 

The  plant  used  in  this  test  was  lettuce  as  the  balance  of  the  house 
was  being  devoted  to  this  crop.  The  following  are  the  difYerent  soil 
preparations  which  were  tested : 

Section  No.  Season  1898-99. 

1.  Heavy  Clay  loam  4  parts  by  measure  thoroughly  mixed  with 
2  parts  by  me.Tsure  of  well  rotted  manure.  This  soil  prepara- 
tion was  six  inches  deep  on  bench. 

2.  Heavy  clay  loam  (same  as  No.  i)  without  any  manure  mixed 
with  it  placed  4  inches  deep  on  bench  over  a  layer  of  the 
well  rotted  manure  2  inclies  thick. 

3.  -Same  as  No.  i  with  light  loam  base. 

4.  Same  as  No  2  with  light  loam,  base  or  <:ame  soil  used  in 
No.  3. 
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5-    Same  as  No  i  with  compost  of  upper  six  inches  of  soil  and 
sod  from  old  lawn  as  the  base. 

6.  Same  as  No.  2  with  same  old  sod  compost  as  used  in  No. 
5  over  the  layer  of  manure. 

7.  Equal  parts  of  Branch  sand  and  light  loam  (such  as  used  in 
sections  3  and  4)  -^ell  mixed  with  manure. 

Lettuce  plants  were  set  out  on  these  sections  on  December  30, 
1898 — the  plants  being  uniform  as  to  variety,  size,  &c.  The  heads 
were  matured  and  cut  February  25th,  1899. 

Results. — The  plants  all  grew  off  nicely  and  made  a  very  good 
growth  givmg  lettuce  that  headed  up  well  and  of  fine  quality.  There 
was  no  difference  which  could  be  noted  between  the  plots  having  the 
manure  mixed  with  the  soil  and  those  having  it  as  a  layer  under  the 
soil. 

The  best  lettuce,  finest  in  quality  and  heaviest  yields  were  pro- 
duced on  Sections  i  and  2,  second  best  on  Sections  5  and  6. 

These  tests  were  repeated  during  the  same  winter  with  another 
crop  of  lettuce  and  the  same  results  were  obtained. 

Season  1899-1900. 

The  soils  prepared  for  the  season  of  1899  and  1900  were  made 
by  composting  according  to  the  following : 
Compost  No. 

1.  Light  loam  with  crimson  clover  3  parts  plus  I  part  particu- 
larly rotted  hog  pen  manure. 

2.  Light  loam  with  crimson  clover  3  parts  plus  I  part  well 
rotted  barnyard  manure,  (mixed  cow  and  horse). 

3.  Heavy  wheat  land  soil  (clay  loam)  with  timothy  sod  3  parts 
plus  I  part  particularly  rotted  hog  pen  manure. 

4.  Heavy  loam  with  crimson  clover  3  parts  plus  i  part  well 
rotted  barnyard  manure. 

'    5.    Light  loam  3  parts  plus  i  part  fresh  horse  manure. 
6.    Light  loam  3  part  plus  i  part  of  fresh  cow  manure. 

The  soils  for  these  composts  were  collected  and  the  composts 
prepared  on  May  26,  1899.  The  soil  was  in  nice  condition  for  work- 
ing and  handling  at  the  time  of  making  the  compost.  The  composts 
were  made  up  of  alternate  layers  of  the  soil  and  manure.  After  the 
piles  were  made  up  they  were  covered  with  straw  manure  so  as  to 
preserve  the  moisture.  In  this  connection  of  preserving  the  moisture 
in  soils  for  green  houses  it  may  be  well  to  remind  growers  that  our 
observation  and  experience  has  shown  that  where  soils  have  been 
allowed  to  become  powdery  dry  the  disease  which  attacks  lettuce 
are  more  prevalent ;  particularly  the  rot  on  the  heart  about  the  time 
it  begins  to  head.  The  Massachusetts  Hatch  Experiment  Station  in 
Bulletin  No.  69,  states  that  the  lettuce  "Drop"  is  accelerated  in  soils 
which  have  been  allowed  to  dry  out.    No  doubt  that  many  other 
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plant  diseases  may  be  miore  prevalent  or  pronounced  under  similar 
circumstances.  It  was  to  avoid  these  troubles  that  the  composts 
were  covered  to  preserve  moisture. 

The  composts  were  worked  over  several  times  during  the  summer. 
On  August  nth,  each  pile  was  divided  into  to  equal  parts.  One 
part  was  used  in  the  soil  experiment,  the  other  part  was  supple- 
mented by  chemical  fertilizers  and  used  in  fertilizer  tests  which  will 
be  treated  of  later. 

The  soil  was  put  into  the  houses  on  September  i8th  and  planted 
to  lettuce.  The  different  sections  of  the  bench  were  separated  by 
division  boards.  The  lettuce  used  was  of  the  "Boston  Market"  variety. 
The  seed  was  planted  August  17th.  Special  care  was  exercised  to 
have  the  plants  uniform  in  size  and  character. 

The  weather  was  unusually  warm  the  latter  part  of  October  which 
made  the  lettuce  show  a  tendency  to  run  to  seed  without  forming 
good  heads.  On  this  account  the  crop  was  cut  October  23rd.  The 
yields  are  given  in  Table  I. 

As  soon  as  this  crop  was  removed  the  soil  was  spaded  over  and 
again  planted  to  "Boston  Market"  lettuce  the  seed  for  this  crop  was 
planted  in  a  cold  frame  October  5th.  This  second  crop  was  cut  and 
weighed  January  ist,  1901.    The  results  were  as  follows: 

TABLE  I. 

Yield  of  Lettuce  with  Different  Soil  Preparations — Season  1899- 1900. 
Plot  and  Soil      Crop  cut  Oct.  23.      Crop  cut  Jan.  i.     Total  2  Crops. 


No. 

Weight  oz. 

Weight  oz. 

Weight  oz. 

I 

30 

36 

66 

2 

33 

27 

60 

3 

39 

45 

84 

4 

42 

49 

91 

5 

33 

22 

55 

6 

28 

48 

76 

From  the  results  obtained  above  it  will  be  noted  that  the  heavy 
loam  with  the  crimson  clover  gave  the  best  results.  From  which  it 
would  appear  that  such  green  crops  as  crimson  clover  could  be  used 
to  advantage  where  sod  is  not  available.  The  results  of  both  years' 
work  seems  to  favor  the  heavier  soils  for  lettuce. 

2.    Methods  for  Using  Stable  Manure. 

All  gardeners  recognize  the  value  of  stable  manure  and  would  in 
most  cases  feel  satisfied  to  place  their  entire  dependence  upon  it  as  a 
source  of  fertilization.  Even  with  this  universally  recognized  value; 
yet  there  is  found  a  great  diversity  of  opinion  as  to  the  best  or  proper 
method  of  its  application  and  use.  The  tests  made  with  stable  man- 
ure cover  the  following  points : 
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1.  Comparing  thoroughly  mixing  the  stable  manure  and  the 
soil  with  putting  the  same  quantity  of  manure  as  a  layer  on 
the  bottom  of  the  bench  under  the  soil. 

(A)  Using  heavy  clay  loam  soil. 

(B)  Using  a  light  sandy  loam  soil. 

(C)  Using  a  composted  old  lawn  sod  soil. 

2.  Comparing  a  thoroughly  rotted  manure  with  a  fresh  manure 
applied  as  a  layer  on  top  the  soil. 

3.  Comparing  hog  pen  manure  with  mixed  cow  and  horse  man- 
ure for  composting  with  soils. 

(A)  Using  light  loam  soil  base. 

(B)  Using  heavy  clay  soil  base. 

4.  Comparing  horse  manure  and  cow  manure  for  lettuce  with 
light  loam  soil  base. 

1.  Lettuce  was  the  crop  used  in  the  comparison  of  the  use  of 
stable  manure  mixed  with  the  soil  and  placing  the  manure  as  a  layer 
on  the  bottom  of  the  bench  under  the  soil.  The  manure  used  was 
well  rotted. 

The  results  of  all  the  tests  made  gave  no  difference  in  the  two 
methods  of  application.  With  soils  of  less  fertility  and  different 
mechanical  condition  the  admixture  of  the  manure  with  soil  might 
exert  a  different  influence  and  there  also  might  be  a  different  pre- 
ference manifested  by  other  crops. 

2.  In  the  use  of  well  rotted  and  fresh  manure  there  seems  to  be 
considerable  variance  of  opinion,  which  no  doubt  is  largely  due  to  the 
kind  of  crop  grown  and  local  conditions. 

It  is  not  infrequent  to  hear  gardeners  state  that  manure  which 
has  been  used  for  hot  beds  and  undergone  thorough  fermentation 
in  this  use  has  lost  all  of  its  virtue  and  is  worthless.  Again,  others 
contend  that  such  manures  or  manure  which  has  thoroughly  rotted 
must  be  had  notwithstanding  the  loss  of  plant  food  incurred  because 
of  this  excessive  fermentation.  During  the  winter  of  1900  tests  were 
made  with  this  well  rotted  manure  in  oomparison  with  some  manure 
taken  directly  from  the  yard,  which  was  not  exactly  fresh  yet  in  a 
wet  soggy  condition  and  it  had  shown  no  signs  of  fermentation. 

This  experiment  was  conducted  on  the  solid  beds  and  had 
grown  a  crop  of  chrysanthemums  just  previous.  As  soon  as  the 
chrysanthemums  had  been  removed  the  bed  was  prepared  bv  thorough 
spading  and  raking.  The  manure  was  applied  as  a  top  dressing; 
putting  it  on  to  the  depth  of  one  incli.  The  bed  was  divided  into 
two  equal  parts  separated  by  a  division  board  set  into  the  ground. 
One  half  received  the  well  rotted  manure  and  the  other  the  unfer- 
mented  manure.  The  plants  were  set  so  as  to  have  their  roots  in  the 
soil  and  not  to  come  in  too  close  contact  with  the  manure,  ("Rawson's 
Crimpled  Leaf"  was  the  variety  used). 

Results. — The  lettuce  planted  on  the  plot  top  dressed  with  the 
well  rotted  manure  took  hold  and  started  to  growing  promptly  and 
vigorously;  while  the  others  started  slowly.    Plate  No.  i.  shows 


SOILS  AND    FERTILIZERS    FOR    GREEN  HOUSE  CROPS. 


these  plots  at  the  end  of  72  days.  It  will  be  noted  that  the  plat  on 
the  left  which  received  the  roited  manure  is  mature  and  part  of  the 
lettuce  has  been  cut.  The  other  plot  was  ten  (10)  days  later  in 
maturing  its  crop.  There  was  no  difference  in  the  total  weights  of  the 
crops  from  the  two  pilots  yet  when  the  fact  is  considered  that  the 
rotted  manure  had  the  effect  of  hastening  the  maturity  ten  days,  it 
was  of  considerable  advantage  to  the  grower. 

3.  The  manner  of  preparing  the  composts  for  the  comparison 
of  hog  pen  and  mixed  stable  manure,  see  page  79  of  this  bulletin. 

The  results  of  this  test  are  already  given  in  Table  I.  page  80, 
see  plots  I,  2,  3  and  4. 

From  these  figures  it  would  seem  that  hog  pen  manure  gave  a 
slightly  higher  average  results  than  the  mixed  manure ;  but  when 
the  soil  base  is  taken  into  consideration  we  see  that  hog  pen  manure 
did  best  with  the  light  soil  and  that  the  mixed  manure  did  best  with 
the  heavy  soil.  From  these  facts  it  would  seem  that  the  results  were 
largely  dependent  upon  the  physical  changes  produced  rather  than 
the  plant  food  furnished.  Reasoning  upon  this  phase,  the  results 
are  as  would  be  expected,  that  is,  the  hog  pen  manure  would  be  most 
beneficial  in  making  the  soil  heavier  in  its  characteristics  and  the 
mixed  horse  manure  would  be  best  for  lightening  up  a  stiff  soil. 

4.  For  manner  of  making  the  composts  of  horse  and  cow  ma- 
nure, page  79.  The  results  of  the  comparison  of  these  two  manure 
are  given  in  Table  I.  page  80,  see  plots  5  and  6 

The  results  seem  decidedly  in  favor  of  the  use  of  cow  manure. 

3.   The  Use  of  Street  Sweepings  in  the  Green  House. 

Street  sweepings  have  attracted  very  little  attention  from  the 
growers  of  crops  under  glass  and  there  has  been  but  little  of  this 
material  used  for  green  house  crops. 

Tlie  results  which  have  been  obtained  at  this  place  with  the  use 
of  composted  street  sweepings  in  various  ways  have  certainly  been 
quite  satisfactory  and  would  make  this  source  of  vegetable  matter  and 
fertility  worthy  of  the  serious  consideration  of  all  florist  and  glass 
house  culturists. 

While  street  sweepings  contain  a  fair  amount  of  plant  foods; 
yet  its  chief  value  (from  the  results  and  observations  which  have  been 
obtained  here)  would  seem  to  rest  in  the  mechanical  effects  which 
it  produces. 

A  mulch  of  1  to  2  inches  of  well  rotted  street  sweepings  placed 
over  the  beds  in  which  lettuce  was  planted,  and  the  lettuce  plants  set 
so  their  roots  were  in  the  soil  below,  prevented  the  "damping  off" 
to  which  lettuce  is  often  subject  and  which  was  quite  prevalent  on 
plots  which  did  not  have  the  street  sweepings  mulch. 

Not  only  did  the  street  sweepings  mulch  seem  to  prevent  the 
"damping  off"  but  the  crops  made  a  fine  growth  and  kept  the  under 
leaves  of  the  plants  in  a  nicer  condition  than  when  they  lay  on  the 
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soil  which  holds  moisture  and  produces  more  or  less  discolorations 
and  sometimes  rot. 

Tests  have  been  made  by  using  well  rotted  street  sweepings  in  a 
variety  of  ways  for  potted  plants.  Tho  results  have  in  all  cases  been 
very  satisfactory.  In  the  "growing  on"  of  young  stock  the  street 
sweepings  have  proven  to  be  distinctly  valuable.  Coleus  potted  from 
the  sand  into  two-thirds  of  the  street  sweepings  and  one-third  loam 
made  an  exceedingly  rapid,  healthy  and  vigorous  growth.  Two-thirds 
sweepings  and  one-third  sand  have  been  used  with  some  classes 
of  plants  with  good  results. 

Some  very  fine  growths  have  been  obtained  by  the  potting  of 
plants  into  pure  well  rotted  street  sweepings.  This  pure  material  while 
giving  good  results  yet  dries  out  rather  rapidly.  At  the  same  time 
no  bad  results  would  attend  excessive  watering  when  potted  into 
pure  well  rotted  street  sweepings. 

The  street  sweepings  make  an  excellent  plunging  medium  for 
all  classes  of  stock  in  the  house  and  for  rubbers,  (Ficus  elastica) 
palms,  etc.,  when  out  doors  in  the  summer. 

The  street  sweepings  made  a  good  substitute  for  spent  hops  and 
it  may  possibly  serve  the  place  of  the  cocoa  fibre  so  largely  used  in 
Europe  by  the  florists.  The  well  rotted  street  sweepings  will  be  found 
very  helpful  as  a  substitute  for  "leaf  or  woods  mold"  which  is  now 
difficult  and  expensive  to  obtain. 

Plate  2  shows  sctfne  Cyclamen  (Fig.  i)  and  Rex  Begonias  (Fig.  2) 
which  were  grown  in  well  rotted  street  sweepings  alone.  Plate  3 
shows  some  Lantannas  grown  with  three  kinds  of  potting  material,  as 
follows : 

Row  I.    Compost  of  sod  3  parts  and  manure  i  part.  This  material 

3  parts  and,  i  part  sand. 
Row.  2.    Two-thirds  leaf  mold  looie-third  sand. 
Row  3.    Two-thirds  street  sweepings  one-third  sand. 

The  Fertilizing  Value  of  Street  .Sweepings. 

The  fertilizing  value  of  street  sweepings  varies  greatly  with  the 
nature  of  the  pavements.  It  is  very  little  or  practically  nothing  in  the 
case  of  material  which  would  come  from  macadamized  roads  but  is 
very  nearly  as  rich  as  stable  manure  when  obtained  by  sweeping  and 
hand  collections  from  the  well  paved  streets  of  large  cities. 

The  following  table  gives  the  amount  of  plant  foods  which  was 
found  in  street  sweepings  used  at  this  place  together  with  the  analysis 
of  some  other  materials  which  might  be  of  interest  in  this  connection. 
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TABLE  II. 

Comparison  of  Street  Sweepings  with  Some  Other  Materials  for 

Oomparison  Per  Cents. 

Phos- 


Mineral  Nitro-  phoric 
Water.  Matter,    gen.  Potash.  Acid. 


Street  Sweepings  (Fresh)  .... 

26.56 

57-59 

0.51 

0.06 

0.27 

Street  Sweepings  (Well  Rotted) 
Horse  Manure  (Fresh)  

36.40 

0-53 

0.42 

0.32 

48.69 

0.43 

0.44 

0.29 

75.00 

5-15 

0.57 

0.20 

0.31 

Spent  Hops   

1.08 

0.40 

0.31 

Cocoa  Fibre  

Oak  Leaves   

1. 00 

0.35 

0.20 

Jadoo  Fibre^   

0.76 

0.21 

0.56 

Purchased  in  Washington,  D.  C.   Samples  represent  carload. 

1.  Samples  from  steers  ted  in  concreted  pits  wliere  all  the  liqnid  excrements  were 
absorbed  by  the  bedding— analysis  by  H  J.  Patterson. 

2.  Peat  moss  soaked  in  a  solution  o£  fertilizing  materials. 


4.    The  Effects  of  Commercial  Fertilizers  on  the  Method  of  Trans- 
planting Lettuce. 

In  connection  with  the  use  of  commercial  fertilizers  on  green- 
house crops  some  tests  were  made  with  different  methods  of  trans- 
planting lettuce.   The  tests  were  conducted  with  the  following  ways: 

1.  Young  plants  pricked  from  seed  bed  and  transplanted  to  2j 
inch  pots  containing  good  soil. 

2.  Young  plants  pricked  from  seed  bed  and  transplanted  to 
benches  with  soil  two  inches  deep.    Plants 'set  two  inches  apart. 

3.  Plants  left  in  seed-bed  until  transplanted  to  green-house. 
The  plants  were  set  on  February  27th  and  cut  April  8th.  The 

fertilizers  used  were  thoroughly  incorporated  with  the  soil. 

The  following  table  gives  the  quantity  of  fertilizer  applied  to  each 
plot  and  the  yields  per  plot. 
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TABLE  III. 

Quantity  of  Fertilizer  Applied  and  Yield  of  Sections  of  Plots  With 
Different  Methods  of  Transplanting. 
(Fifteen  Plants  to  Each  Section.) 


Plot 
No. 

Quantity  of 
Fertilizer. 

I    Potted  Plants. 

Paints  Trans- 
planted to  Bench. 

Plants  drawn 
from  seed  bed 

Total 
Yield. 

j  Yield. 

Weight 
per 
head. 

Yield. 

Weight 

per 
head. 

Yield. 

1  Weight 

per 
1  head. 

I 
2 

3 
4 
5 

500  lbs. 
1000  lbs. 
1500  lbs. 
2000  lbs. 
Nothing 

lbs. 
4.8 
4.2 
4.6 
4.2 

4-5 

oz. 
3-2 
2.8 

31 

2.8 

30 

lbs. 

3-4 
3-6 
4.2 
3-8 
5-0  1 

oz. 

2-  3 
2.4 
2.8 
2.6 

3-  3 

lbs. 

1-3 
2.2 

17 
2.0 

3-2 

oz. 
0.9 

1-5 
I.I 

1-3 
2.1 

lbs 

9-5 

lO.O 

10.5 
10.0 
12.7 

Total  .... 

22.3 

20.0 

10.4 

A  study  of  these  figures  in  Table  III  shows  not  only  the  decided 
advantage  from  transplanting  to  pots,  but  also  that  such  plants  have 
the  ability  to  withstand  the  injury  which  may  be  produced  by  the  ten- 
der roots  of  young  plants  coming  in  contact  with  concentrateed  solu- 
tions of  fertilizing  matter.  One  transplanting  on  the  bench  before  set- 
ting in  the  bed  was  also  productive  of  much  benefit,  as  this  permitted 
the  carrying  of  a  small  lump  of  earth  around  the  roots. 

The  fertilizer  applied  in  the  above  test  was  made  up  as  follows: 


Dissolved  South  Carolina  rock   500  lbs. 

Dried  Fish    600  lbs. 

Nitrate  of  Soda   300  lbs. 

Carbonate  of  Potash  and  Magnesia   400  lbs. 

High-Grade  Sulphate  of  Potash   200  lbs. 

Total   2,000 

This  formula  would  analyze  approximately  the  following : 

Phosphoric  Acid   6    per  ct. 

Potash  (K2O)   Si  per  ct. 

Nitrogen  4I  per  ct. 


Why  the  application  of  such  a  fertilizer  should  have  given  nega- 
tive results  is  hard  to  understand  or  explain,  but  the  results  discussed 
hereafter  may  throw  same  Hght  on  the  situation. 

The  soil  used  was  a  Hght  loam,  which  had  been  well  enriched  by 
an  application  of  well  rotted  stable  manure  previous  to  the  application 
of  the  chemicals.  Tlie  results  would  seem  to  indicate  that  the  supple- 
menting of  the  yard  manure  with  chemicals  was  not  necessary,  and 
really  gave  the  plants  not  only  more  than  they  could  use,  but  more 
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than  was  good  for  them.  There  is  probably  a  sort  of  indigestion 
among  plants,  the  same  as  animals,  and  under  some  circumstances  it 
is  probably  much  better  to  feed  a  little  and  often  rather  than  make 
heavy  applications  at  one  time. 

5.    Feeding  Chrysanthemums  With  Fertilizers  in  Solution. 

In  this  work  the  object  was  to  compare  the  use  of  some  chemical 
solutions  with  the  cow  manure  water,  which  is  in  general  use  by  flor- 
ists. Previous  experience  and  observations  seemed  to  indicate  that 
feeding  with  the  cow  manure  solutions  developed  very  fine  stem  and 
foliage,  but  somewhat  at  the  expense  of  the  flower.  In  this  connec- 
tion it  was  thought  that  probably  this  resulted  from  an  insufificient 
amount  of  phosphoric  acid.  The  tests  which  follow  were  planned  with 
the  object  of  throwing  some  light  upon  this  point. 

Season  of  1899. 

For  this  year's  work  the  south  half  of  the  green-house  was  se- 
lected. It  was  divided  into  six  sections,  which  were  separated  from 
one  another  by  boards  so  as  to  allow  a  small  unoccupied  space  be-  l  if; 

tween  each  section.  The  soil  used  was  prepared  early  in  the  summer  . 
by  composting  one-quarter  cow  manure  with  three-quarters  of  a  rather 
stif?  loam.  Ivor>'  was  the  variety  selected  for  use  in  this  test.  The 
plants  were  carefully  selected,  so  as  to  have  them  as  uniform  as  pos- 
sible, and  all  were  trained  to  a  single  stem.  The  fertilizers  were  mixed 
and  dissolved  in  barrels  of  water.   The  following  formulae  were  used : 

Formula  i.        „     ,  ,  ,,r 

Used  on  Sections  i  &  2.^^^^^^         manure  100  lbs.      +Water  50  gal. 


f  Slag  phosphate  3.2  lbs.  1 

Formula  2.      i  Wood  ashes  8  lbs.  !  , 

Used  on  Section  3.    ]  Nitrate  of  sodal  [     +Water  50  gaL 

[  Sulphate  of  ammonial  J 

{Double  superphosphate  0.4  lbs. ") 
Nitrate  of  potash,  0.9  lbs.  >  +  Water  50  gal. 

Sulphate  of  ammonia  i.o  lbs.  J 

f  Sulphate  of  ammonia  1.0  lbs.  ] 
Formula  4.     i  Nitrate  of  soda  1.0  lbs.  !    ,      ^     ^  , 

Used  on  Section  5.    ]  Wood  ashes  8.0  lbs.  f  +Water  50  gaL 

[  Slag  phosphate  0.7  lbs.  J 

Section  6 — No  fertilizer. 

Sections  i  and  2  of  the  bench  were  watered  with  formula  i,  or 
cow  manure.  Section  3  was  watered  with  formula  2;  Section  4  with 
formula  3 ;  Section  5  with  formula  4,  and  Section  6  was  watered  with 
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clear  water  only.  The  watering-  with  these  fertilizing  solutions  com- 
menced as  soon  as  the  buds  had  formed,  and  repeated  twice  a  week 
until  the  buds  commenced  to  burst  and  show  color. 

These  formulae  were  made  up  so  as  to  have  No.  3  analysis  approxi- 
mately the  same  as  the  cow  manure,  while  No.  2  had  more,  of  phos- 
phoric acid  and  No.  4  less. 

Results. — The  results  obtained  showed  no  benefit  from  the  use  of 
the  cow  manure,  as  the  bloom  foliage  and  stem  were  no  better  than 
those  on  Section  6,  receiving  no  fertilizing  solutions. 

The  sections  watered  with  the  chemical  solutions  showed  marked 
results  in  the  superiority  of  the  deep  green  color  of  the  foliage  size 
and  stiffness  of  the  steni.  The  bloom  was  also  slightly  larger  and  a 
little  earlier.  Sections  3  and  5  were  about  the  same,  and  somewhat 
better  than  Section  4. 

This  would  seem  to  indicate  that  the  phosphoric  acid  was  a  ne- 
cessary and  valuable  addition,  but  yet  gave  nothing  conclusive  on  this 
point. 

Season  1900. 

As  the  oow  manure  (excrement)  made  such  a  poor  showing  in 
the  experiments  conducted  in  1899,  it  was  determined  to  test  if  the 
cow  urine  would  not  be  more  effective,  or,  in  other  words,  if  it  was 
not  this  urine,  rather  than  the  dung,  which  was  of  value  for  watering 
flowers. 

¥or  this  year's  work  the  same  bench  was  selected  and  divided  as 
in  previous  years.  The  soil  used  was  collected  from  a  strawberry 
patch  that  had  been  plowed  a  month  or  so  previous.  It  had  no  ma- 
nure composted  with  it.  The  soil  was  a  strong,  rather  stiff,  loam.  The 
solutions  used  were  made  up  as  follows : 

Plot  No.  I. — Diluted  cow  urine  from  tank  which  received  the 
urine,  and  washings  from  the  stable.  This  showed  an  analysis  of  0.05 
per  cent,  nitrogen. 

Plot  No.  2. — Twenty-five  gallons  same  dilute  urine  as  used  in  No. 
I  +  I  pound  dissolved  South  Carolina  rock. 

r  Dissolved  S.  C.  Rock  i  lb.  ] 

No.  3  ]   Sulphate  of  Ammonia  8  oz.   >    +25  gal.  water. 

[  Muriate  of  Potash  oz.  J 

r  Dissolved  S.  C.  Rock  i  lb.  ] 

No.  4  -  Nitrate  of  Soda  .....6oz.  Y  +25  gal.  of  water. 

(Muriate  of  Potash   i^  oz.  J 

No.  5 — Nothing. 

The  variety  of  chrysanthemums  used  in  the  test  this  year  was  Ma- 
jor Bonaffon.   The  watering  was  done  as  in  previous  year's  work. 

The  effects  of  the  applications  this  year  was  much  more  marked 
than  in  the  previous  year ;  presumably  on  account  of  the  soil  not  hav- 
ing any  manure  composted  with  it. 


- 

  ■ 

^^^^ 

i  ,    .1^:  _ 

SOILS  AND    FERTILIZERS    FOR    GREEX  HOUSE  CROPS.  93 

Results. — The  following  results  were  noted.  All  of  the  plots 
were  very  fine.  Plot  No.  2,  which  received  the  urine  solution,  supple- 
mented with  the  dissolved  S.  C.  rock,  gave  the  best  specimens.  Plot 
No.  4  was  a  very  close  second.  A  photograph  of  average  specimens 
from  the  different  plots  is  shown  on  Plate  4  (taken  November  23rd). 
This  year's  results  would  seem  to  support  the  idea  that  phosphoric 
acid  was  valuable  in  the  full  development  of  the  flower. 

Season  1900  (Solid  Bed). 

Some  fertilizer  experiments  were  made  on  chrysanthemums  with 
■different  forms  of  phosphoric  acid  when  applied  in  the  solid  form  to 
the  soil. 

The  solid  bed  in  the  centre  of  the  house  was  devoted  to  this  test. 
The  soil  in  this  bed  was  placed  in  the  house  in  1898.  It  had  been  ma- 
nured each  season  with  well-rotted  barnyard  manure,  and  cropped 
continuously  in  a  succession  of  croips,  ist  chrysanthemums,  2nd  let- 
tuce, 3rd  radishes,  4th  beets  and  5th  cucumbers. 

The  bed  was  divided  into  four  parts,  which  were  separated  from 
one  another  by  board  partitions  set  down  into  the  ground.  The  fol- 
lowing applications  of  fertilizers  were  made : 

Plot  I — Raw  bone  meal,  at  the  rate  of  600  lbs.  per  acre. 

Plot  2 — Dissolved  S.  C.  rock,  at  the  rate  of  600  lbs.  per  acre. 

Plot  3 — Slag  phosphate,  at  the  rate  of  600  lbs.  per  acre. 

Plot  4— Nothing. 

The  results  were  slightly  in  favor  of  the  bone  meal,  as  this  pro- 
duced a  longer  stem  and  richer  foliage.  This  was,  no  doubt,  due  to  the 
nitrogen  or  ammonia  contained  in  the  bone  meal. 

The  dissolved  S.  C.  rock  stood  second.  The  slag  phosphate  pro- 
duced no  noticeable  effect,  as  the  foliage  and  bloom  on  this  plot  were 
no  better  than  on  the  plot  receiving  nothing. 

Season  1901. 

The  tests  in  1901  were  conducted  on  the  same  bench  as  previous 
seasons.  The  soil  used  was  prepared  by  composting  some  sod  with 
the  upper  three  inches  of  soil  from  an  old  pasture.  This  compost  was 
started  in  the  spring,  and  was  worked  over  several  times  during  the 
summer.  Ivory  was  the  variety  used  in  this  year's  test.  The  feeding 
was  conducted  as  usual  by  starting  as  soon  as  the  buds  formed,  and 
continuing  twice  a  week  until  the  flowers  were  considerably  advanced. 
The  following  were  the  treatments  given  the  different  plots : 

No.  I — Nothing. 

No.  2 — Sixteen  gallons  pure  cow  mnure,  allowed  to  stand  for  ten 
days  to  ferment,  and  then  diluted  with  water  to  forty-eight  gallons. 

No.  3 — Nitrate  of  soda,  3  lbs.,  8  oz. ;  Muriate  of  potash,  i  lb.,  3  oi. 
+48  gallons  water. 

Plate  5  shows  a  photograph  of  average  bloom  from  each  plot. 
Some  growers  may  fail  to  recognize  "Ivory"  in  this  plate  on  account 
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of  the  twisted  petals.  This  condition  can  probably  be  accounted  for 
by  the  long-continuel  spell  of  bright  hot  days,  as  the  "Ivory's"  on  the 
north  bench,  which  were  somewhat  shaded,  continued  normal  and 
finished  well. 

It  will  be  noticed  from  this  picture  that  the  best  bloom  was  from 
the  nothing  plot,  No.  i,  while  the  foliage  was  best  on  plots  2  and  3. 
This  would  seem  to  support  the  results  obtained  in  previous  seasons 
of  the  necessity  of  having  a  properly  balanced  fertilizer,  and  of  the 
value  of  phosphoric  acid  in  bloom  development. 

Season  1901  (Solid  Bed). 

The  solid  bed  which  was  used  for  the  phosphoric  acid  test  in  1900 
was  used  for  another  fertilizer  test  in  1901.  The  division  boards  were 
removed,  and  the  bed  divided  into  four  parts,  the  division  boards  be- 
ing placed  at  right  angles  to  the  way  they  were  in  1900.  The  diflfer- 
.ent  plots  were  fertilized  as  follows : 


Slag  phosphate   3.40  oz. 

Plot  I  Dried  blood  12.00  oz. 

Muriate  of  potash   2.60  oz. 

Dissolved  S.  C.  Rock   2.66  oz. 

Plot  2  Dried  blood  12.00  oz. 

Muriate  of  Potash  2.60  oz. 

Bone  Meal    2.88  oz. 

Plot  3  Dried  blood  11.56  oz. 

Muriate  of  Potash   2.60  oz. 


Plot  4  Well-rotted  barnyard  manure,  50  lbs.  per  plot,  or 
at  the  rate  of  50  tons  per  acre. 

The  idea  was  to  apply  enough  commercial  fertilizer  to  the  diflfer- 
ent  plots,  so  as  to  supply  as  much  plant  food  as  was  furnished  by  the 
stable  manure  on  plot  4,  but  to  make  the  application  at  several  times 
rather  than  all  at  once.  The  above  amounts  of  commercial  fertilizers 
were  applied  before  setting  the  plants.  The  application  was  repeated 
on  August  29th,  and  again  on  October  3rd,  with  the  exception  that 
four  ounces  of  nitrate  of  soda  was  substituted  for  the  blood  of  the 
last  (October)  application. 

Four  varieties  were  planted  on  these  plots,  viz.,  Nivens,  Ivory, 
Modesto  and  Glory  of  the  Pacific. 

In  this  test  there  seemed  to  be  no  diflFerence  in  the  effect  of  the 
different  sources  of  phosphoric  acid.  All  of  the  fertilizer  plots  gave 
better  results  than  the  stable  manure.  The  bloom  was  better  and 
the  stems  much  stiffer  with  the  short  joints  and  vigorous,  heavy,  dark 
green  foliage,  so  much  desired  by  the  commercial  growers.  This  con- 
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rlitioii  can  probably  be  largely  attributed  to  the  use  of  the  dried  blood 
as  it  lias  been  noticed  to  have  this  effect  in  some  pot  experiments. 

6.    Tests  of  Some  Commercial  Fertilizers  on  Lettuce. 

Tile  result  of  the  test  of  applying  different  quantities  of  commer- 
cial fcrtilizirs  mrc  given  in  Ta])le  III.  These  are  of  little  interest,  as 
they  all  gave  negative  results,  yet,  are  of  value  in  pointing  out  lines 
for  future  work. 

Season  of  1899. 

The  following  results  were  obtained  as  to  the  effects  of  some 
commercial  fertilizers  upon  lettuce,  which  was  planted  on  some  plots 
just  previously  used  for  experiments  in  feeding  chrysanthemums  with 
fertilizers  in  solutions.  As  .soon  as  the  chrysanthemums  were  remov- 
ed the  plots  were  planted  to  lettuce.  The  lettuce  received  no  fertilizer 
whatever,  but  the  residue  of  the  fertilizers  which  had  accumulated  in 

the  soil  showed  marked  results  upon  the  lettuce.    See  pages  

for  the  formula  used  on  the  different  sections. 

When  the  crop  matured  it  was  found  that  Section  5  produced  the 
finest  lettuce ;  Section  4  produced  second-best ;  Section  3  third  best ; 
Sections  i,  2  and  6  about  the  same. 

Season  of  1900. 

As  soon  as  the  chrysanthemums  were  removed  the  plots  were  set 
to  lettuce.  No  manure  was  applied  to  the  lettuce,  and  the  effects  pro- 
duced were  due  to  the  residues  which  had  accumulated.  (See  p.  p. 
for  formula  applied  to  plots.)  The  average  weight  per  head  of  lettuce 
from  the  plots  were  as  follows:  Plot  No.  i,  8  oz;  plot  No.  2,  9  oz. ; 
plot  N.  3,  5  oz. ;  plot  No.  4,  6  oz. ;  plot  No.  5,  4^  oz. 

It  will  be  no'ticed  that  the  plot  which  gave  the  best  chrysanthe- 
mums also  gave  the  best  lettuce;  but  that  they  did  not  follow  the  same 
order  with  the  balance  of  the  plots. 

Fertilizers  Applied  to  Cold  Frame  Lettuce. 

Some  cold  frames  were  planted  to  lettuce  the  middle  of  March. 
The  soil  in  these  fiames  was  a  heavy  clay  loam,  and  was  prepared  by 
thoroughly  chopping"  and  spading  in  some  well  rotted  manure,  and  it 
was  in  a  nice  fine  condition  when  the  plants  were  set.  There  were  five 
sash  set  out.  The  sash  were  placed  over  the  lettuce  fo,r  a  few  days,  but 
as  they  were  needed  for  hot-beds  they  were  taken  off,  and  the  frames 
covered  with  cheese  cloth.  The  weather  remained  unusually  cool,  and 
the  lettuce  made  very  slow  growth.  On  this  account  it  was  decided  to 
trv  some  conunercial  fertilizers  put  on  as.  a  top  dressing,  sowing  it  be- 
tween the  rows  and  working  it  into  the  soil  with  a  small-pronged  hand 
woeder.  The  fertilizers  used  were  as  follows : — the  quantities  men- 
tioned indicate  the  rate  per  acre: 
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Dissolved  bone  black  850  lbs. 

Sash  I  Nitrate  of  soda  50  lbs.  Total,  1,000  lbs.  per  acre. 

Dried  P'ish   100  lbs. 

Dissolved  S.  C.  Rock  250  lbs. 

Nitrate  of  Soda  150  lbs. 

Sash  2  Dried  Fish   300  lbs.  Total,  1,000  lbs.  per  acre. 

Carbonate  of  Potash  200  lbs. 

Sulphate  of  Potash  100  lbs. 

Nitrate  of  Soda.  250  lbs. 

Sash  3  Total,  1,000  lbs.  per  acre. 

Dried  Fish   750  lbs. 

Dissolved  S.  C.  Rock  900  lbs. 

Sash  4  Total,  1,000  lbs.  per  acre. 

Nitrate  of  Soda  100  lbs. 

Sash  5 — No  commercial  fertilizer. 
The  following  are  the  yields  : 

Average  Weight 

Total  Weight.  per  Head, 

lbs.  oz.  oz. 

Sash  No.  I — 32  heads  17  14  8.9 

Sash  No.  2 — 32  heads  19  13  9.9 

Sash  No.  3 — 32  heads  22  00  li.o 

Sash  No.  4 — 32  heads  17  3  8.5 

Sash  No.  5 — 32  heads  17  o  8.5 

From  these  results  it  is  noted  tliat  the  application  to  No.  3  pro- 
duced a  decided  advantage  in  yield  and  size  of  head,  and  from  the  notes 
recorded  it  was  also  one  week  earlier  in  maturing.  This  can  be  at- 
tributed to  the  ammonia.  Sash  No.  2  was  second  in  order  cf  matur- 
ing, and  .sasli  No.  i  stood  third. 

The  results  obtained  with  this  heavy  application  of  commercial 
fertilizer  was  quite  different  from  those  recorded  on  page.  . .  .  ;  there 
is  no  doubt  that  this  is  in  some  measure  due  to  difference  in  tempera- 
ture in  the  two  tests. 

These  points,  as  well  as  an  extension  of  the  work  on  fertilizers  and 
soils  for  green-house  crops,  will  be  made  the  subject  of  future  study 
on  a  much  larger  scale,  and  we  trust  if  facilities  are  given  to  have  fu- 
ture work  more  thorough  in  every  way. 
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THINNING  FRUITS. 


E.  P.  SANDSTEN,  Associate  Horticulturist. 


The  object  of  this  bulletin  is  to  call  the  attention  of  the  fruit  - 
growers of  Maryland  to  the  value,  if  not  the  necessity,  of  thinning 
their  fruit.  The  practice  of  thinning  fruit  has  long  been  known  to 
the  fruit  grower  in  Europe,  and  off  years  in  fruit  witn  them,  is  almost 
unknown.  In  America  where  the  desire  is  to  produce  quantity  rather 
than  quality, — the  practice  is  generally  looked  upon  with  disfavor. 
Of  late  years,  however,  the  practice  has  been  taken  up  by  most  of  our 
successful  fruit  growers,  and  the  consensus  of  opinion  is  that  thinning 
pays  well.  The  most  successful  grower  now-a-days  is  not  the  one 
who  raises  the  largest  quantity  of  peaches  or  apples,  but  the  one  who 
produces  the  finest  and  highest  quality  of  fruit.  Superior  fruit  can- 
not be  obtained  from  a  tree  that  is  overloaded  with  fruit.  The  ca- 
pacity of  a  tree  is  limited,  and  it  cannot  be  exceeded,  no  matter  how 
many  fruits  may  be  set.  If  many  fruits  are  set  and  are  allowed  to 
remain,  the  energies  of  the  tree  are  spread  out  over  the  larger  number, 
and  few,  if  any,  will  reach  the  limit  of  their  possible  growth.  If  on 
the  other  hand,  one-half  or  two-thirds  of  the  young  fruits  are  removed, 
the  remaining  ones  will  have  an  opportunity  to  develop  to  a  normal 
size.  Moreover  the  vitality  of  the  tree  is  greatly  preserved  by  such 
reduction,  since  it  is  not  the  size  of  the  fruit  that  impairs  the  vitality 
of  the  tree,  but  the  number  of  seeds,  which  are  allowed  to  mature.  By 
removing  one-half  or  more  of  the  young  fruits,  we  do  not  only  make 
it  possible  for  the  tree  to  produce  a  larger  and  finer  fruit,  but  we  also 
preserve  the  vigor  and  longevity  of  the  tree.  Judicious  thinning 
makes  it  possible  in  many  cases  to  produce  a  crop  of  fruit  every  year, 
and  still  keep  the  tree  in  better  state  of  health.  Thinning  also  tends 
to  produce  better  colored  fruit,  as  it  permits  the  sun  to  reach  many 
places,  which  would  otherwise  not  be  reached.  It  also  permits  a  freer 
circulation  of  the  air.  Thinning  will  in  a  large  measure  lessen  the 
heavy  losses  occasioned  by  rottening  of  the  fruit.  The  fruit  will 
be  further  apart  and  there  will  be  little  or  no  chance  for  the  fruit  to 
touch  each  other,  making  the  danger  of  infection  by  contact  with  the 
disease  or  diseases  more  difficult.  Thinning  prevents  the  breaking 
down  of  the  trees  and  tends  to  keep  the  shape  of  the  trees  in  orchards 
more  uniform. 
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When  to  Tliin. 

Peaches  and  plums  should  not  be  thinned  before  <^he  "June  drop" 
is  over,  and  also  the  danger  of  depredation  by  the  curculio  is  past. 
In  the  case  of  peaches,  they  should  never  be  thinned  to  less  than  five 
inches  apart.  Six  or  eight  inches  is  recommended  when  the  finest 
quality  of  the  fruit  is  desired.  Plums  should  be  thinned  to  about  two 
or  three  inches  apart.  Apples  should  be  thinned  to  about  the  same 
distance  apart  as  peaches.  Pears  should  be  thinned  about  four  or  five 
inches  apart.  Apples  and  pears  should  be  thinned  when  the  fruit  is 
about  the  size  of  a  small  crab  apple. 

The  thinning  is  best  done  by  the  aid  of  a  stout  step  ladder,  hav- 
ing broad  steps  and  platform.  The  trees  may  be  thinned  on  the  north 
side  in  the  forenoon,  and  on  the  south  side  in  the  afternoon,  so  as 
to  permit  the  person  doing  the  thinning  to  be  in  the  shade.  To  insure 
thoroughness  in  the  work,  each  branch  should  be  completed  before 
the  person  starts  to  thin  the  next  one. 

One  of  the  greatest  objections  to  thinning  is  the  seeming  cost 
of  the  operation.  This  objection  is  more  imaginary  than  real.  If  al- 
lowed to  remain,  the  fmit  would  have  to  be  picked  in  the  fall,  when 
labor  is  higher  and  the  rush  of  work  is  greater.  Besides  the  cost  of 
removal  of  small  fruit  is  much  less  than  removing  them  after  they  are 
ripe.  Another  objection  is  that  the  total  bulk  will  be  less,  if  half  or 
more  than  half  of  the  fruit  is  taken  of?  while  young.  Experiments 
have  proven  the  contrary.  All  things  being  equal,  the  bulk  will  be 
equal,  if  not  greater,  if  the  fruit  is  properly  thinned.  The  question  of 
time  is  often  a  problem  with  some  growers,  but  usually  at  that  time  of 
the  year,  labor  is  abundant.  Little  difficulty  should  be  experienced 
on  this  score.  Besides  the  work  can  easily  and  efficiently  be  done 
by  women  and  children.  In  fact  they  are  better  adapted  to  this  kind 
of  work  than  are  grown  men.  Another  great  obstacle  to  thinning  is 
found  in  the  fact  that  few  people  are  willing  to  take  oflf  the  young  fruit. 
It  seems  to  them  an  unnecessary  waste.  Sentimentality  also  plays 
a  part  with  many  people  in  preventing  them  from  doing  what  they 
ought  to  do.  The  sentiment,  however,  should  be  all  on  the  other  side, 
for  is  it  not  better  that  a  few  fruits  should  come  to  perfection  rather 
than  all  should  sufifer  from  the  lack  of  sufficient  nourishment? 

The  benefits  to  be  derived  from  thinning  fruits  may  be  briefly 
summarized  as  follows : 

First. — Thinning  preserves  the  vitality  of  the  tree  by  lessening 
the  production  of  seed. 

Second. — Thinning,  if  systematically  and  persistently  done,  will 
cause  the  tree  to  bear  crops  more  regularly.  Off  years  are  in  most 
cases  due  to  the  fact  that  the  trees  are  allowed  to  overbear  one  year 
and  during  that  year,  few,  if  any,  fruit  buds  can  be  formed.  Most 
kind  of  fruit  trees  cannot  produce  a  large  crop  and  mature  fruit  buds 
at  the  same  time. 
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Third. — ^Thinning  lessens  the  loss  occasioned  by  rot,  and  other 
fungus  diseases  of  the  fruit,  by  eliminating  the  danger  of  infection 
by  contact.  It  also  in  a  measure  prevents  the  appearance  and  the 
spread  of  diseases  by  permitting  better  ventilation  and  drying  of  the 
fruit  inside  of  the  trees. 

Fourth. — Thinning  will  produce  larger  fruit. 

Fifth. — Thinning  will  produce  a  better  colored  fruit  by  admitting 
more  sun-light  into  the  tree. 

Sixth. — Thinning  tends  to  ripen  up  the  fruit  more  uniformly. 

Seventh. — Thinning  will  produce  a  more  salable  and. higher- 
priced  fruit  by  reason  of  the  increase  in  size,  higher  color  and  general 
appearance. 

Eighth. — Thinning  will  preserve  the  shape  of  the  tree  and  pre- 
vents the  breaking  of  overloaded  branches. 

Objections  or  Apparent  Objections  to  Thinning. 

First.— The  apparent  costliness  of  the  operation.  It  seems  to 
many  an  expense  without  any  return. 

Second. — Difificulty  in  obtaining  help. 

Third. — The  seeming  wastefulness  of  destroying  something  that 
the  tree  has  produced. 

It  should  be  understood  that  thinning  will  not  pay  except  the  other 
practices,  which  go  with  proper  fruit  culture,  have  been  attended  to. 
It  will  not  pay  to  thin  an  orchard  which  has  not  been  properly  pruned, 
sprayed,  fertiHzed  and  cultivated. 
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AN  INQUIRY  A5  TO  THE  CAUSES  OF  PITHINESS  IN 
CELERY. 

By  E.  P.  Sandsten  and  Thos.  H.  White. 


This  buhetin,  on  the  probable  causes  of  pithiness  in  celery  and 
celery  growing,  is  the  result  of  a  series  of  experiments  which  have  been 
carried  on  for  several  years.  The  notes  and  other  data  contained 
herein  were  collected  by  Mr.  Thomas  White,  the  gardener  of  the  hor- 
ticultural department. 

While  it  is  not  intended  that  this  bulletin  should  be  the  final  report 
on  this  subject,  but  merely  a  preliminary  report  of  it,  it  was  thought 
advisable  to  publish  the  results  thus  far  obtained  and  lay  them  before 
the  truck  farmers  of  Maryland  for  their  consideration.  Arrangements 
have  been  made  to  carry  on  the  work  still  further  and  to  publish  a 
final  report,  when  it  has  been  completed. 

E.  P.  SANDSTEN,  Associate  Horticulturist. 


History. 

The  fact  that  celery  often  grows  pithy  has  long  been  observed 
by  scientists  and  practical  growers,  and  many  causes  have  been  as- 
cribed for  the  same.  Nicholson's  Dictionary  of  Gardening  says, 
"Medium  sized  stalks  are  generally  more  solid  than  very  large  ones, 
consequently  they  should  be  preferred,  the  latter  being  often  iioUow- 
stalked  and  useless  for  any  purpose."  Henderson's  Hand  Book  of 
Plants  says,  "Although  under  ordinary  conditions  the  proper  varie- 
ties of  celery  are  used,  the  crop  should  never  be  pithy  or  hollow ;  yet 
we  have  found  that  now  and  then  even  the  most  solid  kinds  of  celery 
have  become  more  or  less  hollow  when  planted  in  soft,  low  soils,  such 
as  reclaimed  peat-lingo,  where  the  soil  is  mostly  composed  of  decayed 
vegetation." 

"The  name  of  the  earliest  varieties  suggest  that  growers  then  con- 
0  sidered  the  solidity  of  the  stalk  an  important  quality.  There  were 
the  'Red  Solid,  the  White  Solid,  the  Crystal  White  Solid,  Late  White 
Solid,  Incomparable  Dwarf  Solid,'  etc.  It  is  now  generally  under- 
stood that  all  of  the  modern  varieties  have  solid  stalks  nor- 
mally.   Nevertheless  plants  with  pithy  stalks  occasionally  occur  in 
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all  fields.  Perhaps  they  are  more  common  in  some  varieties  than  in 
others,  although  we  do  not  know  that  any  kind  is  entirely  free  from 
them.  It  is  probable  an  hereditary  trait,  and,  where  there  are  gener- 
ally many  plants  of  this  kind,  it  is  generally  inferred  that  the  seed 
was  from  poor  stock;  still  the  condition  of  the  soil  may  make  some 
difiference." 

It  is  also  generally  believed  by  practical  growers  that  pithiness 
is  due  to  high  temperature  and  lack  of  sufficient  moisture,  during  the 
early  stages  of  growth  of  the  young  seedlings  after  they  have  been 
planted  in  the  field.  The  young  plants  during  such  weather  become 
hard  and  dwarfed  in  their  growth,  and  when  the  cool  and  moist 
weather  in  fall  comes,  they  are  unable  to  respond  to  the  vigorous 
growth  it  engenders.  Hence,  there  appear  two  distinct  zones  of 
growth — one  composed  of  hard  tissue,  formed  during  hot  dry  weather 
in  July  and  August ;  the  other  of  soft  and  open  tissue,  formed  during 
the  cool  and  moist  period  of  autumn.  Undoubtedly,  both  soil  and 
climate  have  much  to  do  with  the  proper  development  and  solidity 
of  the  celery  plants,  but  not  to  such  an  extent  as  is  generally 
supposed. 

The  seed  used  in  these  experiments  was  purchased  from  several 
of  the  leading  seed  firms  in  this  country,  and  the  plants  were  grown 
under  the  best  possible  condition  to  insure  uniformity  in  result.  The 
variety  used  the  first  year  was  Golden  Self-Blanching.  Three  samples 
of  seed  were  obtained,  two  of  American  grown  and  one  of  French 
grown.  The  seed  was  sown  the  i8th  of  March,  1890,  and  was  given 
ordinary  culture.  Two  hundred  young  plants  of  each  kind  were  se- 
lected from  the  seed-bed  and  planted  in  the  same  bed  in  the  open 
field,  June  I4tii,  and  were  given  the  same  kind  of  attention  in  every 
way. 

The  result  of  this  experiment  was  as  follows :  At  the  time  of 
digging,  December  29th,  1900,  it  was  found  that  forty  per  cent,  of 
each  of  the  plants  grown  from  American  grown  seed  were  pithy,  while 
not  a  single  stalk  of  the  plants  from  the  seed  grown  in  France  was 
pithy.  The  result  was  so  pronounced  that  further  trials  were  deemed 
necessary  to  verify  it.  The  parties  who  had  furnished  the  seed  in  the 
aforementioned  experiments  were  again  communicated  with  to  as- 
certain further  from  what  sources  they  obtained  their  seed.  One  gave 
an  evasive  answer,  not  knowing  definitely  where  his  seed  came  from, 
but  believed  it  to  be  American  grown.  Another  said  his  was  Amer- 
ican grown,  while  a  third  party  wrote  that  he  imported  his  directly 
from  France.  The  plants  and  stalks  from  the  two  first-mentioned 
parties  were  alike  in  all  particulars  and,  as  the  experiments  shows, 
contain  the  same  percentage  of  pithy  stalks,  while  the  last  mentioned 
contained  no  pithy  stalks. 

The  seeds  used  for  the  experiments  during  the  season  of  1901 
were  obtained  from  five  different  seed  firms.  These  seeds  were  grown 
in  the  customary  way.  One  hundred  uniform  plants  of  each  were 
selected  and  planted  in  the  same  bed  and  given  the  same  kind  of  treat- 
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ment  and  cultivation.  The  plants  were  dug  the  last  days  of  xXovember ; 
the  result  was  as  follows. 

A's  French    grown  Self-Blanching  loo  stalks    i  pithy. 

A's  American     "  "  "  lOO  "    43  " 

B's  French         "  "  "  100  "     38  " 

B's  American      "  "  "  100  "     40  " 

C's  French         "  "  "  100  "    00  " 

D's  American     "  "  "  100  "31  " 

E's  Selected  XX  "  "  100  "    20  " 

To  further  test  whether  the  season  of  sowing  the  seed  had  any- 
thing to  do  with  the  pithiness,  some  seed  were  sown  later,  but  there 
was  no  apparent  difTerence  in  percentage  of  pithiness  between  the 
early  and  late  sown  seed. 

A  few  remarks  upon  the  general  behavior  of  the  different  sam- 
ples may  be  of  interest.  The  stalks,  from  A's  and  C's  French  grown 
seed,  were  very  uniform  and  like  in  all  particulars,  and  were  evidently 
procured  from  the  same  source  in  France.  B's  French  grown  was  in 
no  way  different  from  B's  American  grown.  The  stalks  were  not 
of  uniform  color  or  size.  It  was  evidently  a  mixed  lot,  or  else  the 
seed  plants  had  not  been  carefully  selected  and  "rogued."  The  stalks, 
from  A's  American  grown,  from  B's  American  grown,  from  D's  Amer- 
ican grown,  from  E's  Selected  XX  were  of  the  same  general  charac- 
ter, both  as  to  habit  of  growth  and  mixture  of  colors.  The  plants 
from  the  American  grown  seeds  were  not  uniform  in  their  growth, 
nor  in  their  color. 

The  seed  obtained  from  C,  was  directly  imported  from  France ; 
the  dealer  claiming  that  all  his'  celery  seed  was  imported,  and  that 
his  customers  demanded  it  even  though  the  price  for  the  imported  seed 
was  more  than  twice  that  of  the  American  grown. 

The  soil  on  which  these  experiments  were  conducted  is  clay  loam 
with  some  gravel.  It.  was  in  good  state  of  cultivation  and  fertility, 
and,  while  not  an  ideal  soil  for  celery  growing,  it  represented,  on 
an  average,  the  soils  found  on  the  truck  farms  around  Washington 
and  Baltimore. 

The  same  experiment  was  continued  through  the  season  of 
1901.  Instead  of  transplanting  the  young  plants  into  the  field  in  the 
early  part  of  the  season,  they  were  left  in  the  seed-bed  until  July  26th. 
The  seed  was  sown  March  i8th  in  a  well-prepared  seed-bed,  and  was 
given  the  best  of  culture  and  attention.  One  hundred  plants  of  each 
kind  were  planted,  side  by  side  in  the  open  field,  giving  them  the 
same  treatment  and  soil  conditions.  The  plants  were  taken  up  Janu 
ary  20th,  1902,  and  gaveihe  following  results: 
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A's  American  grown  seed   46  pithy  stalks. 

A's  French         "  "    00  "  " 

B's  American     "  "   43  "  ** 

B's  French         "  "    26  "  " 

C's  American     "  "   38  "  " 

C's  French         "  "    00  "  " 

D's  Select  Stock  American  grown  seed  .     .  10  "  " 


The  resuhs  were  uniformly  the  same  as  in  the  experiments  of 
the  two  previous  years.  In  explanation,  it  should  be  said  that  D's 
select  stock  of  celery  was  American  grown  under  the  supervision  of 
the  seed  firm,  and  had  been  carefully  selected  and  cared  for,  shewing 
conclusively  that  by  proper  care  and  selection  of  the  best  plants,  the 
quality  of  the  seed  can  be  greatly  improved,  and  the  very  undesirable 
quality  of  pithiness  can  be  ehminated.  Again,  B's  French  grown  seed 
which  gave  26  pithy  stalks  was,  to  all  intents,  a  mixture  of  French 
and  American  seed.  This  could  be  detected  by  the  unevenness  of 
the  size  and  slight  difference  in  color  of  the  seed  and  also  by  the  un- 
evenness of  the  final  product. 

The  remedy  of  this  very  undesirable  quality  of  celery  is  to  be 
found  in  the  proper  selection  and  roguing  of  the  seed  stock.  Seed 
growers,  familiar  with  the  work,  ought  to  know  what  course  to  pursue 
to  gain  the  desired  standard.  Pithy  stalks  can  easily  be  detected  by 
pressing  the  suspected  stalks  between  the  forefinger  and  thumb.  Any- 
thing unable  to  withstand  a  good  pressure  should  be  pulled  out  and 
destroyed.  Very  large-sized  stalks  and  coarseness  would  also  be 
good  indications  of  what  to  throw  out.  Undoubtedly,  such  proced- 
ure \vculd  make  the  seed  cost  more  to  begin  with,  as  it  would  entail 
a  greater  amount  of  labor  and  care  than  careless  growing;  but  the 
gardener  or  trucker  would  willingly  pay  the  extra  cost  if  a  superior 
quality  of  seed  were  guaranteed  him.  The  cost  of  the  seed  as  com- 
pared with  the  final  value  of  the  product  is  small,  and  should  not  be 
considered  when  the  highest  excellency  is  desired. 

While  the  work  done  has  thrown  some  light  on  the  question  of 
"Pithy  Celery,"  still,  it  is  only  preliminary,  and  with  the  object  in  view 
of  getting  rid  of  this  trouble,  further  experiments  are  on  the  way. 
Seed  has  been  saved  from  pithy  stalks  which  will  be  sown  and  account 
will  be  taken.  Seed  of  several  varieties  has  also  been  purchased  from 
different  sources  in  France,  Gernianv  and  England,  and  domestic 
seed  has  been  obtained  from  several  of  our  leading  firms. 

Summary. 

Taking  the  various  points  into  consideration,  the  experiments 
plainlv  show  the  superiority  of  French-grown  seed  over  the  American- 
grown.  That  the  difference  is  not  due  to  the  character  of  the  soil  or 
to  climatic  conditions  is  apparent  from  the  fact  that  the  celery  stalks 
I'rom  the  French  seed  were  entirely  different  though  they  were  grown 
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under  the  same  conditions  of  soil,  climate,  and  were  given  the  same 
kind  of  care.  The  difYerence  must  have  come  from  the  seed.  We  can- 
not accept  as  an  established  fact  that  the  highest  quality  of  celery  seed 
cannot  be  grown  in  America.  But  we  can  believe  that  the  seed  is  not 
carefully  selected  and  grown.  Pithy  stalks  should  never  be  used  for 
seed,  and  seed  plantations  should  be  carefully  watched  and  rogued 
whenever  a  strange  plant  appears.  That  many  of  the  European  grown 
seed  is  superior  to  American  grown  seed  cannot  be  disputed.  The 
superiority  is  due  altogether  to  their  careful  selection  of  seed  stock, 
and  tiie  subsequent  attention  paid  to  the  plant  to  keep  it  up  to  the  set 
standard.  There  can  be  no  doubt  that  if  the  American  celery  seed 
growers  were  as  careful  in  their  work  as  the  French  growers  are,  their 
seed  would  in  all  probabilities  be  as  good.  Cheap  seed  is  dear  at  any 
price.  This  is  especially  true  when  the  profit  of  a  whole  season's  work 
is  dependent  upon  it. 

From  the  long  correspondence  with  several  of  the  leading  seed 
firms,  the  view  was  advanced  that  pithiness  in  celery  is  due  to  condi- 
tions of  soil,  climate  and  cultivation,  and  that  the  seed  is  not  respon 
si])]c  for  this  undesirable  (|uality.  It  cannot  be  denied  that  soil  and 
climate  are  very  large  factors  in  successful  celery  growing  as  effecting 
!)(>tli  size  and  general  quality  of  the  product,  but  that  these  are  the 
causes  of  pithiness  cannot  be  maintained  in  any  of  these  experiments. 

Celery  Culture  in  ^laryland. 

The  growing  of  celery  on  a  commercial  scale  is  with  few  exceptions 
a  new  feature  to  the  truck  growers  of  Maryland.  The  general  impres- 
sion has  been  that  celery  rc(|uires  a  ]KU-ticular  kind  of  soil,  and  that 
the  ordinary  trucking  lands  will  not  ])r()(luce  an  average  crop.  It  is 
also  believed  that  the  climatic  conditions  were  not  suited  to  the  best 
development  of  the  plant.  While  it  is  true  that  the  average  trucking 
soil  of  [Maryland  is  not  an  ideal  soil  for  <.■<■]<  r\  ,  it  can  lu-  prown  success- 
fully ov  most  lands,  provided  a  certain  anmunl  of  care  is  taken  in  the 
selection,  preparation  and  fertilization  of  the  land.  The  proper 
time  of  planting,  spraying,  watering  and  cultivation  are  also  import- 
ant factors  on  which  success  is  often  dependent. 

Soil. 

The  ideal  soil  for  celery  is  reclaimed  peat-bogs  or  muck  lands. 
These  are  composed  almost  entirelv  of  vegetable  matter,  and  when 
sufficiently  drained  and  decaved  produce  the  best  quality  of  celery.  The 
famous  celery  lands  around  Kalamazoo,  Mich.,  are  nothing  but  re- 
claimed peat-bogs  ;  so  are  the  extensive  celery  lands  in  Southern  Cali- 
fornia. In  the  absence  of  such  lands,  celerv  mav  be  grown  quite  suc- 
cessfully on  ordinary  garden  or  truck  lands  well-tilled  and  fertilized. 
The  most  essential  point  to  bear  in  mind  is  that  the  land  must  be  rich 
in  humus  or  vegetable  matter.    For  this  reason  soil  intended  for  celery 
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should  have  previously  been  given  a  liberal  dressing  of  stable  manure 
from  forty  to  fifty  tons  to  the  acre,  and  allowed  to  decay  before  the 
land  is  planted  in  celery.  Or  if  this  cannot  be  had,  several  crops  of 
forage  crops  should  be  plowed  under  and  allowed  to  decay.  For  celery 
the  soil  cannot  be  made  too  rich  in  humus.  Next,  the  soil  should  al- 
ways be  deep  and  mellow.  It  is  generally  advisable  to  grow  several 
crops  of  other  vegetables  on  the  land  until  it  had  reached  a  high  state 
of  cultivation.  The  land  should  be  thoroughly  plowed  with  a  sub-soil 
plow  to  the  depth  of  twelve  to  fifteen  inches.  Heavy  clay  land  will,  as 
a  rule,  not  grow  good  celery  and  should  be  avoided.  If  clay  lands  are 
the  only  ones  available,  they  should  be  plowed  deeply  with  a  sub-soil 
plow,  and  large  dressings  of  barn-yard  manure  and  green  crops  should 
be  applied  before  the  celery  culture  is  attempted. 

Water. 

The  importance  of  water  in  celery  culture  is  often  overlooked. 
The  annual  rainfall  in  most  sections  of  the  country  is  rarely  sufficient 
to  grow  the  best  possible  crop,  and  some  means  should  be  provided 
whereby  the  celery  plantation  can  be  watered  during  the  dry  spells. 
If  the  grower  is  so  located  that  a  stream  or  a  creek  can  be  diverted  to 
the  land  he  is  most  fortunate.  If  it  is  not  possible,  then  gasoline  or 
windmill  power  may  be  used.  The  cheapest  and  most  effective  means 
will  readily  suggest  itself  to  the  grower.  The  local  conditions  will  a  so 
serve  as  a  guide  in  this  matter.  Sub-irrigation  has  been  tried  with  some 
success,  but  in  many  instances  it  is  both  expensive  and  impracticable. 
Watering  with  a  hose  or  by  letting  in  a  stream  of  water  between  the 
rows  of  plants  or  even  in  the  bed  itself  is  generally  the  best  and  most 
economical  way.  After  each  application  of  water  and  after  each  rain, 
the  land  should  be  stirred  as  soon  as  the  land  will  permit  to  break  up 
the  crust  formed,  and  to  prevent  excessive  evaporation.  This  is  very 
important,  and  should  never  be  overlooked.  The  more  humus  the  soil 
contains,  the  greater  will  be  its  water-holding  capacity,  and  the  less 
occasion  will  be  for  watering. 

Fertilizers. 

The  celery  grower  should  never  rely  upon  the  use  of  commercial 
fertilizers  as  a  substitute  for  barn-yard  manure  or  manure  derived  from 
the  use  of  cover  crops.  If  the  soil  condition  is  not  what  it  ought  to 
be  it  cannot  be  made  so  by  the  use  of  commercial  fertilizers.  Nothing 
can  take  the  place  of  well-rotted  barn-yard  manure  applied  at  the  rate 
of  forty  to  fifty  loads  to  the  acre,  and  plowed  under  to  the  depth  of 
eight  inches.  The  land'  should,  if  possible,  be  planted  to  some  hoed 
crops  after  the  manure  has  been  applied,  so  as  to  permit  it  to  become 
thoroughly  incorporated  with  the  soil.  The  soil  must  be  in  uniform 
tilth  before  it  is  planted  to  celery.  Commercial  fertilizers  in  the  form  of 
nitrate  of  soda  may  be  applied  with  good  results  in  the  fall  of  the  year. 
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when  due  to  the  cold  weather,  the  nitrifying  agencies  in  the  soil  are 
not  active,  and  the  plants  can  then  make  good  use  of  it,  it  being  solu- 
able  and  immediately  available  to  the  plants.  It  should  be  applied  at 
the  rate  of  three  hundred  to  four  hundred  pounds  to  the  acre.  In  ap- 
plying commercial  fertilizers  be  sure  that  they  do  not  come  into  direct 
contact  with  the  plants,  as  they  will  generally  injure  them,  and  in 
many  instances  cause  death  to  the  plant. 

Sowing  the  Seed. 

The  seed  for  the  early  crop  should  be  planted  from  the  first  to  the 
fifteenth  of  March  in  hotbeds.  These  are  made  in  the  usual  way.  It 
is  sometimes  advisable  to  transplant  the  seed  into  cold  frames  to  pro- 
duce stocky  and  healthy  plants.  Shearing  of¥  the  tops  of  the  young 
plants  is  also  done  to  make  the  plants  stronger.  For  late  crop,  the 
seed  may  be  sown  in  the  open  ground  in  a  well-prepared  seed-bed. 
The  soil  should  be  a  ricli,  sandy  loam,  and  in  fine  tilth,  and  plowed  to 
a  depth  of  at  least  ten  inches.  The  size  of  the  bed  is  a  matter  of  con- 
venience, long  and  narrow  ones  being  preferable,  as  they  are  more 
easily  and  economically  cultivated.  Soils  which  have  a  tendency  to 
bake  after  rain  or  watering  should  he  avoided  for  seed-beds.  The  seed 
should  always  be  sown  in  rows  from  six  to  eight  inches  apart  to  facil- 
itate cultivation  and  working. 

There  are  two  general  methods  of  field  culture  practiced  in  Mary- 
land. One  is  to  plant  the  seedling  in  rows  five  feet  apart,  and  the 
plants  six  inches  apart  in  the  r^ws.  AA'here  the  soil  is  not  apt  to  wash 
badly,  the  plants  may  be  set  three  or  four  inches  below  the  surface, 
and  the  land  plowed  out  in  the  manner  corn  is  listed.  Where  the  soil 
is  apt  to  wash  badly,  planting  below  the  surface  should  not  be  done, 
as  it  will  often  cover  the  plants  over  with  soil  washed  down  upon  them. 
By  this  system,  the  plants  may  be  blanched  very  cheaply  as  the  soil 
may  l)e  moved  around  the  plants  by  the  use  of  horse  labor  and  a 
larger  acreage  can  be  cared  for. 

The  other  method  is  what  is  termed  the  bed  method.  The  plants 
are  planted  in  row  six  or  eight  inches  each  way.  The  beds  should  be 
from  eight  to  ten  feel  \vi<k-  and  anv  desirable  length.  If  more  than 
one  bed  is  to  be  used,  a  s]iace  of  eight  to  ten  feet  should  be  left  be- 
tween the  beds  for  the  soil  to  be  used  for  filling  in  between  the  rows 
of  celery  for  blanching.  It  is  understood  that  the  land  should  be  put 
in  tlie  best  possil:)le  shape  before  planting  both  as  to  fertility  and 
phvsical  cnndition.  It  is  often  desirable  to  sink  the  beds  to  about  four 
to  six  inches  below  the  surface  of  the  soil,  so  as  to  facilitate  the  filling 
of  earth  for  blanchingf  and  to  prevent  too  rapid  evaporation  of  moist- 
ure.   If  this  is  done,  less  'space  will  be  needed  between  the  beds. 
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Plant  in_^-. 

In  the  single  row  method,  the  furrow,  (if  the  celery  is  to  be  planted 
below  the  level)  can  be  opened  up  with  a  shovel  plow.  It  may  be 
necessary  to  qo  over  the  same  furrow  several  times  to  obtain  an  even 
and  smooth  furrow,  ('arr  shMuld  always  be  taken  to  get  the  plants 
in  straight  rows.  To  nhtain  this  end,  the  line  should  be  frequently 
employed. 

After  the  furrow  has  been  laid  out,  the  edges  of  loose  soil  should 
be  raked  of¥  and  the  soil  on  the  sides  and  on  the  bottom  of  the  furrow 
made  smooth  and  fine  to  prevent  washing  and  covering  up  of  the 
plants.  It  is  generally  advisable  to  cut  of¥  about  half  of  the  tops  of 
the  young  plants  and  also  to  trim  off  the  longest  roots.  The  young 
plants  should  be  dipped  in  a  puddle  made  by  adding  clay  loam  to  water 
before  planting.  This  will  form  a  coating  around  the  roots  and  in  a 
measure  protect  them  from  drying  i:,ut,  while  being  ]^lanted.  Plant- 
ing should  not  be  done  during  dry  weather  or  during  the  warmest 
part  of  the  day.  Immediately  after  a  good  rain  is  the  best  time  for 
planting.  If  the  iilanting  is  to  be  done  in  single  rows  and  on  the  top 
of  the  soil,  the  rows  should  be  laid  out  with  a  line  and  the  soil  raked 
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smooth  and  fine  along  the  line  of  planting.  In  the  bed  system,  whether 
submerged  beds  are  used  or  level  culture,  the  planting  should  be  done 
from  the  sides  of  the  bed  to  prevent  unnecessary  packing  of  the  soil, 
and  for  this  reason,  they  are  made  narrow  enough  to  permit  the 
planter  to  reach  over  one-half  of  the  bed  from  either  side.  The  rows 
are  conveniently  laid  out  as  follows :  A  Hne  is  stretched  from  one 
end  to  the  other  through  the  middle  of  the  bed.  This  line  is  to  serve 
as  a  guide  for  the  marker,  which  makes  the  rows.  The  marker  can 
be  made  by  the  grower  himself  and  will  be  found  a  very  useful  tool. 


Figure  v.— Marker. 

The  above  illustration  gives  an  idea  how  it  is  made.  It  consists 
merely  of  a  piece  of  wood,  two  inches  thick,  four  inches  wide  and  six 
feet  long,  to  which  are  nailed  sticks  ten  inches  long,  two  inches  wide 
and  one  inch  thick  pointed  at  one  end,  at  the  distance  apart  you  wish 
your  rows  to  be.  To  this  frame  are  nailed  a  handle  and  braces.  Fre- 
quent cultivation  to  keep  the  soil  loose  and  moist  is  absolutely  nec- 
essary. Plants  which  have  once  become  stunted  or  dwarfed  in  their 
growth  will  never  completely  recover.  During  the  usual  dry  and  warm 
spell  in  July  and  August,  the  plants  should  be  watered,  but  care  must 
be  taken  to  keep  the  soil  from  baking. 

The  Time  to  Plant. 

The  time  to  set  the  young  plants  into  the  field  depends  upon 
whether  early  or  late  celery  is  wanted.  If  late  celery  is  to  be  grown, 
the  plants  should  be  set  from  the  first  to  the  fifteenth  of  July.  A  crop 
of  early  peas  or  early  Irish  potatoes  may  be  grown  on  the  land  first. 
Sucli  crops  will  tend  to  pulverize  the  soil  and  bring  it  into  fine  tilth, 
before  the  celery  is  planted.  Care  should  be  taken  to  have  the  land 
rich  enough  to  provide  an  abundance  of  food  material  for  both  crops. 
If  an  early  crop  is  wanted,  the  plants  should  be  planted  into  the  open 
ground  as  soon  as  all  danger  of  heavy  frosts  is  over.  Light  frost  will, 
as  a  rule,  not  injure  the  plants. 
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Cultivation. 

The  celery  plantation  should  be  cultivated  once  every  ten  days. 
Once  a  week  would  be  still  better.  It  may  be  stated  as  a  fact  that  al- 
most all  growers  cultivate  too  little.  Thorough  and  frequent  culti- 
vation is  as  important  as  the  application  of  fertilizers. 

A  fine-toothed  cultivator  is  the  best  implement,  as  it  leaves  the 
soil  fine  and  even.  The  soil  along  the  row  of  plants  and  around  the 
plants  should  be  loosened  up  and  fined  after  each  cultivation.  The 
plantation  should  always  be  cultivated  and  hoed  as  soon  as  possible 
aftpr  a  rain.  It  should  always  be  borne  in  mind  that  the  young  plants 
must  be  kept  growing  without  check  in  order  to  produce  the  largest 
crop  and  finest  quality.  Plants,  which  have  become  stunted  or  dwarfed 
through  careless  and  deficient  cultivation,  will  not  produce  the  finest 
quality.  One  often  sees  large  plantations  of  young  plants,  which  re- 
main stationary  for  two  or  three  months  during  the  hot  part  of  the 
season,  and  then  they  are  expected  to  produce  a  crop,  when  the  cool 
weather  of  the  autumn  comes.  This  is  entirely  wrong.  No  plants  so 
treated  can  possibly  attain  the  highest  perfection.  Do  not  sow  the 
seed  for  both  the  early  and  late  planting  at  the  same  time.  The  plants 
for  late  planting  will  be  too  old  and  woody  before  it  is  time  to  trans- 
plant them  into  the  field. 

If  possible  select  a  cloudy  day,  on  which  to  do  the  planting.  If 
this  is  not  possible,  it  may  be  done  late  in  the  afternoon  and  evening. 
The  planting  is  generally  done  by  the  aid  of  dibber  or  a  sti  :k,with  which 
holes  are  made.  The  trimmed  plant  is  then  placed  in  the  hole  and  the 
soiled  is  firmed  about  it.  Care  must  be  taken  to  get  the  hole  filled 
well  clear  down  to  the  bottom,  oherwise  their  will  be  an  air  space, 
which  may  cause  the  death  of  the  plant.  If  dry  weather  should  fol- 
low the  planting,  it  is  sometimes  necessary  to  resort  to  watering.  Fre- 
quent and  thorough  cultivation  will  often  prevent  the  drying  out. 

Spraying. 

The  importance  of  spraying  cannot  be  overestimated.  It  is  sel- 
dom possible  to  grow  a  clean  crop  of  celery  without  it.  There  are  two 
species  of  blight,  which  generally  attack  the  celery.  One  is  termed 
the  Early  Celery  Blight,  Cercospora  Apii,  and  the  Late  Celery 
Blight,  Septoria  PetroseUni,  Var.  Apii.  The  former  often  makes 
its  appearance  in  the  seed-bed  and  immediately  after  the  plants  have 
been  set  into  the  field.  The  fungus  first  makes  its  appearance  on  the 
ends  of  the  leaves  in  small  circular  spots,  which  rapidly  increase  in 
number  and  extent.  The  spots  are  at  first  dull  green  in  color  and 
gradually  change  into  a  pale  brownish  yellow  color.  The  disease 
spreads  very  rapidly  during  hot  moist  weather.  The  late  celery  blight 
seldom  makes  its  appearance  until  autumn,  and  does  most  of  its  dam- 
age after  the  crop  is  grown  and  in  many  instances  large  losses  have 
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been  caused  by  it  in  the  storage  cellar.  It  is  easily  detected  by  reason 
of  the  dark,  spotted  appearance  of  the  leaves  and  stalks. 

Remedies. 

In  most  cases  little  attention  is  paid  to  the  diseases  until  they  have 
done  considerable  damage.  The  real  value  of  a  fungicide  lies  in  its 
preventive  powers.  After  the  disease  has  once  gained  a  strong  foot- 
hold, it  is  next  to  impossible  to  cope  with  it  as  the  damage  is  already 
done,  and  the  most  a  fungicide  can  do  is  to  keep  it  in  check. 

Numerous  experiments,  with  a  large  number  of  fungicides  on 
these  two  blights,  have  demonstrated  that  the  most  effective  one  is 
the  standard  ammoniacal  solution  of  copper  carbonate.  The  following 
formula  is  recommended : 

Copper  carbonate,  8  oz. ;  Ammonia  water,  (26°)  3  pts. :  Water. 
48  gals. 

In  order  to  be  most  effective,  the  young  plants  should  be  sprayed 
two  or  three  times  while  in  the  seed-bed,  and  once  ever>-  ten  days  or 
two  weeks  after  they  are  transplanted  into  the  field.  It  is  advisable 
not  to  make  the  application  in  the  middle  of  the  day,  as  the  leaves 
are  apt  to  be  slightly  injured.  Late  in  the  afternoon  or  evening  is 
the  best  time  to  make  tlie  application.  TFor  results  of  spraying  for 
the  prevention  of  celen,-  blight,  see  Bulletin  Xo.  74,  of  this  Station). 

Mulching. 

Mulching  of  the  celery  plantation  is  to  be  recommended  especial- 
ly if  the  soil  is  light  and  subject  to  drought.  Beside  checking  evapo- 
ration, a  good  mulch  shades  the  soil  and  keeps  it  cooler  than  if  it 
were  left  bare.  The  best  material  for  mulching  is  well-rotten  stable 
manure.  It  should  be  spread  out  between  the  rows  and  around  the 
plants  immediately  after  they  have  been  set  out.  In  order  to  be  more 
effective,  it  should  be  applied  from  two  to  three  inches  thick.  If  not 
enough  material  is  available  to  cover  the  entire  distance  between  the 
rows  immediately  around  the  plants,  the  distance  of  eighteen  inches 
or  two  feet  may  be  covered  with  good  results.  Green  clover  is  some- 
times used  for  a  mulch,  and  with  good  result.  The  clover  should  be 
cut  before  the  bloom,  as  to  get  the  largest  amount  of  leaves  and  suc- 
culent materials,  and  should  be  put  on  about  six  inches  thick.  Clean 
straw  and  strawy  manure  may  also  be  used,  but  the  great  objection 
to  the  use  of  these  materials  is  that  they  always  earn.-  foul  weeo  seed 
with  them,  besides  being  difficult  to  remove  when  the  time  for  blanch 
ing  comes.  The  mulch  should  be  applied  about  the  first  week  in  June 
for  early  celen,-,  and  about  the  first  week  in  July  for  late  crops,  the 
object  being  to  keep  the  soil  cool  and  moist  during  the  hottest  part 
of  the  summer,  where  under  ordinary-  conditions  the  celer>-  plants 
make  little  or  no  growth.  Before  blanching  commences,  all  of  t'^e 
coarse  mulch  should  be  gathered  up  and  taken  off,  leaving  no  refuse 
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behind.  The  soil  used  for  blanching  must  be  mellow,  and,  if  possible, 
entirely  free  from  partially  decayed  vegetable  matter.  For  this  reason, 
it  is  better  not  to  use  partly  rotten  stable  manure  for  a  mulch,  as  it 
cannot  be  thoroughly  incorporated  into  the  soil  before  it  is  used  for 
blanching,  and  it  is  very  apt  to  produce  spotted  celery  by  coming  in 
contact  with  the  celery  stalks.  ! 

July  and  August  are  the  hardest  months  on  the  celery  and,  dur- 
ing these  months,  the  plants  are  very  apt  to  become  stunted  and 
dwarfed  in  their  growth.  To  prevent  this  mulching  is  recommended, 
or,  if  water  can  be  had  conveniently,  the  plantation  should  be  watered 
frequently  and  kept  well  cultivated  after  each  application  of  water. 

Ulanching. 

The  object  of  blanching  is  to  obtain  white,  crisp  and  tender  celery. 
Blanching  eliminates  the  original  green  color,  the  bitter  taste,  and 
the  natural  tendency  of  the  stalk  to  become  tough.  The  most  general 
material  used  in  blanching  is  earth.  There  is  considerable  difference 
of  opinion  as  to  the  time  when  the  celery  ought  to  be  blanched.  Many 
successful  growers  practice  the  system  of  gradual  blanching,  that  is, 
the  soil  is  banked  about  the  plants  at  different  times  through  the  p-row- 
ing  season,  and  by  the  time  the  celery  plants  have  reached  their  maxi- 
mum growth,  they  are  already  l^lanclied  and  ready  for  the  market.  It 
is  claimed,  and  not  without  reason,  that  celery  so  grown  is  better 
in  quality.  The  stalks  do  not  remain  out  of  ground  for  any  consider- 
able length  of  time,  and  have  little  chance  to  become  tough  by  long 
exposure  to  the  atmosphere.  Gradual  banking  also  tends  to  keep  the 
soil  around  the  roots  of  the  plants  cooler,  but  this  is  not  always  the 
case.  If  the  blanching  is  done  gradually,  care  must  be  taken  to  have 
the  soil  fine  and  not  to  leave  any  air  space  around  the  stalks.  Gradual 
blanching  will,  as  a  rule,  also  produce  a  whiter  and  more  solid 
stalk.  If  the  plants  are  allowed  to  grow  the  whole  season  without 
banking,  they  will  liave  a  tendency  to  spread  somewhat,  and  the  leaves 
must  be  tied  together  before  the  blanching  process  is  undertaken. 
If  the  single  row  system  has  been  employed  in  growing  the  plants, 
the  blanching  is  a  very  easy  matter.  Furrows  are  plowed  against  the  row 
of  stalks  and  then  the  soil  is  worked  and  packed  in  between  the  plants. 
After  this  has  been  done,  furrows  are  again  thrown  against  the  rows 
and  the  soil  worked  against  the  plants.  This  process  is  repeated  until 
enough  earth  has  been  packed  about  the  plants.  The  sides  of  the 
banks  are  then  raked  smooth  and  rows  left  until  time  for  digging. 

If  the  plants  have  been  grown  in  beds,  the  cost  and  difficulty  of 
blanching  is  much  greater.  The  land  between  the  beds  is  first  plowed 
as  deep  as  possible,  and  then  made  fine  with  a  pulverizer,  drag-board 
or  harrow.  The  earth  is  then  shoveled  by  hand,  in  between  the  rows, 
until  the  plants  are  covered  to  the  desired  depth.  It  is  generally  nec- 
essary to  tie  the  leaves  of  the  stalks  together  before  the  process  of 
blanching  begins. 


116 


MARYLAND  AGRICULTURAL  EXPERIMENT  STATION. 


Many  growers  employ  a  board  in  blanching.  This  is  to  protect 
the  centre  of  the  stalks  and  in  a  measure  to  keep  the  leaves  together 
during  the  process.  After  the  soil  has  been  filled  in,  the  board  is  taken 
out  and  put  in  place  for  the  next  row.  This  practice  is  being  super- 
seded by  simply  holding  the  leaf  stalks  together  with  a  cord  and  then 
press  the  soil  well  around  the  stalk.  The  centre  is  then  well  protected 
and,  besides,  there  is  no  danger  of  leaving  any  air  space.  The  stalks 
will  also  be  more  uniformly  blanched  and  more  compact  in  form.  The 
cord  should  not  be  tied  around  each  stalk,  but  simply  wound  around 
them,  and  then  carried  over  to  the  next  stalk  without  breaking.  The 
cord  should  be  wound  close  to  the  top  of  the  plants,  just  below  the 
fork  of  the  leaf-blade  so  as  not  to  injure  the  stalk. 

Blanching  may  also  be  done  by  the  use  of  paper,  either  wrapped 
around  the  stalk  and  kept  in  place  by  tying  a  cord  around  it,  or  paper 
cylinders  of  desired  size  may  be  made  out  of  a  building  paper,  and 
these  placed  around  the  plants.  Blanching  may  also  be  done  by  using 
boards.  Boards  of  the  required  length  are  placed  one  on  each  side  of 
the  row,  and  kept  in  position  by  sinking  the  lower  edges  into  the  soil 
about  two  inches,  and  by  driving  two  nails  opposite  each  other  on  the 
upper  edges  and  by  tying  these  together  by  means  of  a  stout  twine. 
These  methods  are  not  recommended  to  be  used  in  a  commercial 
scale.  They  are,  as  a  rule,  less  ef?ective  than  earth,  besides  the  quality 
of  the  celery  so  blanched  is,  as  a  rule,  not  uniform.  They  may  be 
used  in  a  small  way,  and  good  results  may  be  obtained  if  the  work 
is  done  carefully. 

If  the  celery  is  to  be  stored  for  late  use  in  the  spring,  the  keeping 
qualities  are  greatly  increased  by  blanching  the  celery  during  the 
period  of  storing.  The  stalks  should  be  kept  growing  until  danger 
of  damage  from  frost  without  any  banking  of  earth.  They  are  then 
taken  up  and  stored  away  green. 

The  wTiter  is  of  the  opinion  that  the  system  of  gradual  blanching 
and  filling  in  of  soil  is  better  suited  to  the  soil  and  cHmatic  conditions 
of  Maryland.  Some  experimental  work  along  this  line  will  be  carried 
on  this  season. 

Storing  of  Celery. 

Storing  in  the  Open. — Celery  grown  in  beds  and  banked  with 
soil  may  be  safely  covered  with  clean  straw  or  leaves  to  the  depth 
of  from  ten  to  twelve  inches.  The  outer  edges  of  the  bed  should  be 
banked  up  several  inches  above  the  height  of  the  tops  of  the  celery 
stalks,  so  as  to  retain  the  covering.  Pieces  of  board  or  branches 
should  be  laid  over  the  covering  to  prevent  the  material  from  blowing 
off.  Care  must  be  taken  to  secure  perfect  drainage.  The  trenches 
from  which  the  soil  used  for  banking  should  be  opened  up,  so  as  to 
permit  rain  and  water  to  drain  ofT. 

If  the  celery  has  been  carefully  banked  up  during  the  process  of 
blanching  and  sufficient  covering  and  drainage  have  been  provided 
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for,  it  should  keep  up  to  the  middle  of  January,  if  not  later.  The  work 
of  digging  celery  stored,  as  described  above,  is  quite  laborious,  es- 
pecially during  cold  weather.  The  method  has  many  advocates  in 
Maryland,  since  it  requires  little  or  no  expense  in  storing. 

Many  growers  prefer  to  store  their  celery,  intended  for  the  mid- 
season,  in  trenches.  These  are  conveniently  made  as  follows :  Select 
a  place  well-drained,  and  plow  open  a  furrow  to  the  depth  of  ten  inches. 
By  going  over  the  furrow  with  a  plow  several  times,  it  will  greatly  re- 
duce the  hand  labor.  The  bottom  of  the  furrow  should  then  be  opened 
up  to  about  six  inches  wide.  Next,  take  a  common  board,  one  inch 
thick  and  twelve  inclics  wide,  and  place  the  same  on  the  edge  in  the 
bottom  of  the  furrow.  The  plants  are  next  placed  in  a  straight  row 
as  close  as  possible  to  each  other  without  coming  in  actual  contact. 
Then  fill  in  with  soil  between  tlie  board  and  the  plants,  taking  the  soil 
first  on  the  other  side  of  the  board  for  the  filling.  When  the  trench 
is  full  remove  the  board  and  set  another  row  of  plants.  In  this  way 
the  excavated  soil  is  used  for  filling  and  a  new  trench  is  made  at  the 
same  time.  After  the  last  row  has  been  made,  the  trench  by  the  side 
should  be  filled  in  to  prevent  waiter  from  standing  in  it.  The  length 
of  these  trenches  depends  upon  convenience.  They  should  be  just 
long  enough  to  permit  the  removal  of  one  or  more  beds  at  each  time. 
The  tops  are  coivered  with  straw,  leaves  or  com  fodder,  and  a  few 
boards  are  thrown  on  top  to  prevent  the  covering  from  blowing  oft. 
The  depth  of  covering  depends  how  late  the  celery  is  to  remain  in  the 
trenches. 

Storing  Celery  in  Celery  Houses. 

When  celery  is  grown  on  a  large  scale  and  for  supplying  a  par- 
ticular season,  it  is  always  advisable  to  construct  a  house  for  that  par- 
ticular purpose.  A  place  having  natural  drainage  should  be  selected. 
The  building  should  be  sunk  three  or  four  feet  into  the  ground  and 
walled  up  with  brick.  The  shape  of  the  building  depends  upon  the 
surrounding  conditions.  A  wide  building  is,  as  a  rule,  better  than  a 
long  and  narrow  one,  as  it  will  keep  a  more  even  temperature,  and 
besides,  a  wide  building  has  a  greater  storage  area.  The  rocf  should 
even  span,  if  the  building  is  situated  on  a  level ;  but,  if  on  a  hillside, 
half  span  is  the  best.  The  height  of  the  walls  should  be  from  five 
to  six  feet,  so  as  to  permit  freedom  of  movement.  The  roof  should 
be  built  of  heavy  material  or  of  two  thicknesses  of  inch  boards,  with 
heavy  building  paper  between,  so  as  to  keep  out  the  cold. 

Hillside  storage  cellars  are  very  popular  with  many  growers.  They 
are  warmer  and  retain  an  even  temperature  and  moisture  much  better 
than  a  building  on  the  level. 

Storing.- — The  bottom  of  the  celery-house  should  consist  of  about 
four  inches  of  loose  sand  or  soil ;  sand  being  preferable,  as  it  is  less 
apt  to  harbor  diseases.  The  sand  or  soil  should  be  spread  out  evenly 
over  the  floor,  and  moistened  if  dry.    This  is  important,  since  it  is 
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always  difficult  to  water  the  celery  after  it  has  been  stored  and,  be- 
sides, the  stalk  are  more  apt  to  become  diseased  after  being  wet.  If 
the  soil  is  well-moistened  before  the  celer>'  is  stored,  it  is  seldom  nec- 
essary to  water  again. 

Before  the  celerj^  is  taken  up,  it  is  a  good  practice  to  have  the 
plants  loosened  by  means  of  a  spade,  which  is  thrust  under  the  plants 
and  then  pulled  out  without  disturbing  the  plants.  The  plants  can 
then  be  pulled  out  by  hand  and  placed  into  a  box.  If  the  celery  is 
tender  and  hard  to  handle,  it  should  be  placed  into  a  box ;  or  into  a 
cart  or  wagon,  if  the  plants  are  strong  and  not  easily  broken.  When 
a  large  acreage  is  grown,  a  special  machine  is  used  for  cutting  loose 
the  plants  in  the  field.  The  storage  house  should  be  laid  out  into  beds. 
The  boundaries  of  the  beds  should  be  kept  by  means  of  boards  set 
on  the  edges,  leaving  a  pathway  of  eighteen  or  twenty-four  inches 
wide  between  each  bed.  The  width  of  the  beds  depends  upon  the  width 
of  the  building,  from  eighth  to  ten  feet  being  the  usual  widths.  The 
storage  house  should,  if  possible,  have  a  door  at  each  end  to  facilitate 
handling  and  ventilation.  The  roof  should  also  be  provided  with 
ventilators.  The  plants  are  stored  away  as  follows :  A  narrow  trench  is 
opened  by  the  means  of  a  spade  and  the  plants  placed  upright  in  it. 
The  soil  is  then  shoveled  around  the  plants  by  one  man,  while  another 
holds  the  plants  in  position,  and  works  the  soil  around  them.  When 
one  trench  is  finished,  the  second  trench  should  have  been  made  by 
taking  the  soil  of  it  for  filling  the  first  one.  The  process  is  repeated 
until  the  house  is  full. 

Ventilation. 

Greatest  care  should  be  taken  in  ventilating.  So  long  as  the 
outside  temperature  will  permit,  there  should  always  be  a  free  cir- 
culation of  air  through  the  house.  The  celery  is  particularly  liable 
to  rot  and  mould,  if  kept  too  close.  When  cold  weather  sets  in,  ven- 
tilation can  be  given,  but  sparingly  and  warm  days  should  be  selected, 
on  which  to  give  thorough  ventilation. 

Preparing  the  Celery  for  Market. 

In  removing  the  plants  from  the  storage,  they  should  be  cut  off 
a  little  below  the  ground,  using  for  that  purpose  a  sharp  knife.  Some 
growers  pull  the  whole  plant  up.  but  this  is  not  necessary.  The  celery 
is  not  so  apt  to  become  dirty,  when  the  roots  are  cut  oflf,  and  the  plants 
can  be  more  easily  handled.  The  roots  will  do  no  damage  in  the  sand 
or  the  soil,  as  it  must  be  removed  and  a  new  layer  put  in  before 
the  next  crop  is  stored.  The  celery  is  immediatelv  taken  to  the  place, 
where  it  is  to  be  trimmed  and  washed.  Most  large  growers  have 
regular  washing  houses  and  racks  or  trays  made  of  slats  on  which 
the  celer\'  is  placed  after  beine  trimmed.    The  water  is  then  turned 
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on  by  means  of  a  hose,  no  handling  being  necessary  except  to  turn 
the  stalks  over.  If  the  celery  is  intended  for  a  nearby  market,  they 
are  generally  tied  up  in  bundles,  holding  either  six  or  twelve  stalks. 
These  are  then  placed  into  a  crate  in  upright  positions.  If  the  celery 
is  to  be  shipped  in  large  quantities,  the  celery  is  not  often  tied  in 
bunches  but  simply  packed  in  an  upright  position  in  the  crate. 

Careful  trimming,  washing  and  packing  are  important.  Often 
a  fine  quality  of  celery  is  ruined  by  careless  handling  and  too  much 
stress  cannot  be  laid  upon  these  factors.  The  neatness  and  general 
appearance  of  the  package  are  often  the  means  of  a  profitable  sale. 
The  growing  of  the  crop  is  only  half  of  the  battle  and  to  many  truck- 
ers, the  easiest  one.  Poor  product,  well  packed  and  cleaned,  generally 
sells  for  more  money  than  fine  product,  poorly  packed  and  dirty. 

Varieties. 

For  home  use  the  following  varieties  are  well  adapted:  Golden 
Self-blanching,  and  Giant  Solid.  For  marketing — Golden  Self-blanch- 
ing, Giant  Pascal,  White  Plume,  and  Giant  Solid.  Golden  Self-blanch- 
ing and  Giant  Solid  being  the  favorites.  The  term  "self-blanching" 
is  often  misleading  to  amateur  growers.  No  celery  grown  under  ordi- 
nary conditions  and  culture  is  self-blanching.  It  is  true,  however, 
that  some  varieties  are  more  quickly  blanched  than  others,  but  none 
is,  strictly  speaking,  self-blanching. 

Profits  in  Celery  Growing. 

The  profits  to  be  derived  from  the  growing  of  celery  is  depend- 
ent upon  several  factors.  The  most  important  among  these  are :  First, 
right  kind  of  soil  and  favorable  climatic  conditions ;  secondly,  personal 
qualifications  of  the  grower ;  and  thirdly,  location  as  to  market.  Under 
ideal  conditions,  celery  is  one  of  the  most  profitable  crops  that  can 
be  grown.  While  the  first  outlay  of  money  and  labor  is  somewhat 
large,  the  return  per  acre  under  right  management  is  larger  than  al- 
most any  other  truck  crop.  After  deducting  all  expenses,  the  net 
profit  should  be  between  one  hundred  (loo.oo)  dollars  and  two  hun- 
dred (200.00)  dollars  per  acre. 
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SOnE  FEEDING  EXPERIJIENTS  WITH  COWS. 


By  H.  J.  PATTERSON. 


In  this  bulletin  will  be  given  the  results  of  some  of  the  feeding 
experiments  with  cows  which  have  been  conducted  from  time  to  time, 
from  ,1896  to  1901.  There  will  also  be  added  some  general  matter  with 
reference  to  the  feeding  of  cows,  for  the  production  of  milk  and  butter 
with  a  few  typical  rations  which  will  meet  the  average  Maryland  con- 
ditions . 

The  following  is  a  list  of  the  experiments  reported  upon  in  this 
bulletin : 

1.  Feeding  an  exclusive  ration  of  corn  meal  vs.  a  balanced  ra- 
tion of  mixed  grains. 

2.  Mixed  grain  rations  of  difYerent  degrees  of  richness  in  protein. 

3.  Comparison  of  soiling  corn,  hay,  corn  fodder  and  new  corn 
product  for  cows. 

4.  Test  of  sugar  feed. 

(i)    COMPARISON  OF  AN  EXCLUSIVE  CORN  MEAL  RA- 
TION WITH  A  BALANCED  RATION  OF 
MIXED  GRAINS. 

There  are  many  dairymen  who  feed  nothing  to  their  cows  in  the 
way  of  grain  but  corn  meal.  Some  feel  satisfied  with  the  results  at- 
tending such  feeding,  while  others  wonder  why  their  cows  do  not 
give  the  returns  that  they  read  of  or  hear  their  neighbors  tell  about. 

In  order  to  learn  some  definite  results  produced  under  circimi- 
stances,  and  with  cows  such  as  the  average  Maryland  dairyman  has  to 
deal  with,  the  following  experiments  were  conducted  with  a  grain  ra- 
tion of  corn  meal  only,  in  comparison  with  a  balanced  ration  of  mixed 
grains.  The  standard  balanced  ration  used  was  made  up  of  a  mixture 
of  five  hundred  pounds  of  corn  meal,  three  hundred  pounds  of  wheat 
bran  and  two  hundred  pounds  of  "King"  or  "Cream"  gluten  meal. 
The  quantity  of  grain  given  was  the  same  whether  on  corn  meal  or 
mixed  grain  ration,  and  varied  from  ten  to  twelve  pounds  per  dav  per 
cow,  depending  upon  their  appetites.  The  roughage  was  a  constant 
factor;  therefore,  had  no  ef¥ect  on  the  result,  but  consisted  chiefly  of 
corn  fodder  and  soiling  corn. 


-MAiiVLAXD  AOHICLLTI  KAL  EXl'EUIMENT  STATIOX. 


There  were  six  cows  used  in  this  test,  a  full  description  of  which 
was  given  in  Bulletin  Xo.  69,  but  a  brief  description  is  given  hereafter 
as  follows:  Cow  Xo.  1.— Grade  Jersey,  showing  fairly  good  breeding. 
She  was  fed  a  balanced  ration  the  first  year  at  the  Station,  and  the 
corn  meal  ration  in  the  second  year. 

Cow  Xo.  2. — Grade  Jersey  of  the  same  breeding,  and  age  as  Xo.  i. 
This  cow  was  fed  corn  meal  ration  the  first  year  at  the  Station,  and 
the  balanced  ration  the  second  year. 

Cow  Xo.  3. — Grade  Jersey,  not  so  well  marked  as  Xos.  i  and  2, 
but  from  the  same  farm.  Fed  corn  meal  ration  first  year  at  Station, 
and  a  balanced  ration  the  second. 

Cow  Xo.  4. — Grade  Durham  of  beef  type.  This  cow  was  fed 
corn  meal  ration  the  first  year  at  the  Station,  and  a  balanced  ration 
thereafter. 

Cow  Xo.  5. — Common  cow,  without  any  marks  which  would  in- 
dicate any  particular  breeding.  She  was  fed  a  balanced  ration  the  first 
year  at  the  Station,  and  the  corn  meal  ration  in  the  second  year. 

Cow  X'o.  9. — A  native  cow  of  fairly  good  dairy  type.  She  was  fed 
a  balanced  ration  the  first  year  at  the  Station,  and  a  balanced  ration 
in  the  second  year. 

The  records  of  the  yields  of  milk  and  butter  from  these  cows  when 
comparing  these  rations  are  given  in  Tables  i,  2,  3,  4,  5  and  6. 

TABLE  I — Record  of  Cow  Xo.  i — Corn  Meal  Ration  vs. 
Balanced  Ration. 


Balanced  Ra- 
tion 3rd  to  11th 
month  after 

calvine. 

(1896-97). 

Balanced  Ra- 
tion 9  months 
before  calving 
(1895-«7). 

Corn  Meal  Ra- 
tion 3rd  to  11th 
after  calving 
or    9  months 
before  calving 
(1897-98). 

Balanced  Ra 
tion  3rd  to  11th 
month  after 

calving. 

1893-99). 

Balanced  Ra- 
tion 9  months 
before  calving 
(1898-99). 

Milk 
lbs. 

Butter 
lbs. 

Milk 
lbs. 

Butter 
lbs. 

Milk 
lbs. 

Butter, 
lbs. 

Milk 
lbs. 

Butter 
lbs. 

Milk 
lbs. 

Butter 
lbs. 

412 
433 
373 
3.1J 
398 
340 
320 
330 
272 

25.5 
27.7 
21.8 
21.5 
25.6 
25.8 
23.9 
22.3 
21.5 

330 
330 
272 
281 
23  i 
258 
224 
130 
42 

23.9 
22.3 
21.5 
19.9 
14  3 
16.8 
12.3 
7.7 
2.8 

498 
45-2 
415 
502 
264 
64 
0 
0 
0 

24.4 
26.4 
24.2 
27.5 

19.7 : 

4.7 
0 
0 
0 

722 
605 
553 
489 
530 
529 
402 
424 
403 

35.0 
31.0 
37.3 
30.8 
34.6 
33.3 
25.8 
29.7 
25.4 

530 
529 
402 
424 
408 
433 
309 
307 
120 

34.6 
33.3 
25.8 
29.7 
26.4 
28.3 
18.0 
18.7 
6.4 

3232 

218.6 

2096 

141.2 

2195 

126.9 

4657 

282.9 

3457 

220.2 

In  the  above  table  is  given  the  results  of  the  milk  and  butter 
yields  of  Cow  X^o.  i  for  two  years,  when  receiving  a  balanced  ration 
with  an  intervening  year  when  on  a  corn  meal  ration.    These  results 
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show  strongly  in  favor  of  the  balanced  ration,  and  particularly  so  when 
comparing  the  yields  for  the  corresponding  periods  of  lactation  at 
the  beginning  of  the  milking  season. 

One  very  noticeable  result  of  the  effects  of  the  corn  meal  ration 
was  to  cause  this  cow  to  dry  off  rapidly  and  remain  so  for  over  three 
months  before  calving,  while  on  the  balanced  ration  she  does  not  go 
cry  at  all,  even  though  in  milk  for  considerably  over  a  year.  The 
fact  that  this  cow  had  been  accustomed  to  an  unbalanced  ration  before 
coming  to  us,  and  failed  to  breed  promptly,  and  then  did  the  same 
thing  again  after  being  on  the  corn  meal  ration  might  indicate  that  her 
food  did  not  leave  her  system  in  the  best  shape  for  breeding.  The 
amount  of  increase  of  product  would  pay  extra  well  for  the  increased 
cost  of  the  ration,  as  the  balanced  rations  did  not  cost  over  from  one 
to  three  dollars  per  ton  more  than  the  corn  meal. 


Table  2 — Record  of  Cow  Xo.  2 — Corn  ]\Ieal  Ration  vs.  a 
Lalanced  Ration. 


Corn  Meal  Ration 

^3alanced  Ration 

Corn  Meal  Ra- 

Balanced Ra- 

first  9  m 

onths  of 

corresponding  pe- 

tion 3rd 

to  11th 

tion  12th  to  19th 

milking  period. 

riod  of  lactation. 

month   of  lacta 

month  of  jacta- 

(1896-97). 

(1897-98) 

tion.  (1896-97). 

tion.  (1897). 

Milk 

Butter 

Milk 

Butter 

Milk 

Butter 

Milk 

Butter 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

322 

14.3 

693 

40.4 

432 

23.2 

306 

16.2 

365 

18.8 

716 

38.3 

290 

10.8 

367 

24.7 

432 

23.2 

625 

36.7 

339 

18.6 

489 

15.3 

290 

10.8 

553 

27.1 

353 

19.7 

602 

30.9 

389 

]».6 

584 

36.0 

290 

18.3 

424 

22.8 

353 

19.7 

453 

26.9 

283 

12.8 

415 

18.9 

290 

18.3 

405 

23.1 

332 

17.4 

294 

15.4 

283 

12.8 

333 

21.7 

355 

17.8 

186 

9.9 

332 

17.4 

366 

18.8 

201 

11.7 

000 

0.0 

3006 

153.9 

4728 

269.0 

2775 

150.3 

3033 

153.1 

Cow  No.  2  was  fed  a  corn  meal  ration  the  first  year  she  came  to 
the  Station.  As  will  be  seen  from  the  results  in  the  Table  she  was 
erratic  in  this  year's  performances,  and  she  failed  to  breed  promptly, 
so  that  she  was  in  milk  for  nineteen  months. 

A  comparison  of  the  results  for  the  corresponding  periods  of  lac- 
tation when  fed  on  corn  meal  and  the  balanced  ration,  as  shown  in 
columns  one  and  two,  show  a  yield  of  over  one  hundred  pounds  of 
butter  and  seventeen  hundred  pounds  of  milk  in  favor  of  the  balanced 
ration. 

After  the  cow  had  been  in  milk  for  eleven  months,  and  seemed  to 
be  pretty  nearlv  drv  her  feed  was  changed  from  the  corn  meal  ration 
to  the  balanced  ration  of  mixed  grains,  and  she  immediately  began  to 
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gain  in  her  flow  of  milk,  and  kept  up  a  good  flow  for  eight  more 
months,  so  that  in  the  nineteenth  month,  when  receiving  a  balanced 
ration,  she  gave  nearly  as  much  milk  and  butter  as  she  did  the  eleventh 
month,  when  receiving  the  corn  meal  ration.  The  detailed  results  for 
these  last  eight  months  are  given  in  the  last  two  columns  of  Table  2. 


Table  3 — Record  of  Cow  No.  3* — Corn  Meal  Ration  vs.  Balanced 
Ration. 


Corn  meal  ration,  7  months  of  lac- 
tation period.  1896. 

Balanced    ration  corresponding 
period  of  lactation.  1J97. 

Milk  lbs. 

Butter  lbs. 

Milk  lbs. 

Butter  lbs. 

4S9 

14.3 

909 

33.9 

4S1 

20  2 

63? 

25.2 

3S1 

15.2 

644 

24.0 

334 

13.7 

608 

26.9 

856 

16.2 

549 

23.1 

441 

19.0 

581 

25.4 

283 

14.8 

465 

23.3 

2770 

113.4 

4393 

181.8 

*Note. — Cow  went  dry  for  two  months  when  on  corn  meal  ra- 
tion, when  as  previously  she  had  not  gone  dry  at  all. 


The  results  as  obtained  with  Cow  No.  3  are  simply  confirmatory 
of  those  obtained  with  the  other  cows,  and  show  strongly  in  favor 
of  using  a  balanced  ration.  The  experiment  could  not  be  conducted 
longer  on  account  of  sickness. 


Table  4 — Record  of  Cow  No.  4* — Corn  Meal  Ration  vs. 
Balanced  Ration.  . 


Month 
of 

Lactation 

Corn  Meal  Ra- 
tion,correspond- 
ing period  1896. 

Balanced  Ra- 
tion correspond- 
ing period,  1897. 

Balanced  Ra- 
tion correspond 
ing  period.  1898. 

f^alanced  Ra- 
tion correspond- 
ing period,  1899. 

Milk, 
lbs. 

Butter, 
lbs. 

Milk, 
lbs. 

Butter, 
lbs. 

Milk, 
lbs. 

Butter, 
lbs 

Milk, 
lbs. 

Butter, 
lbs 

2 
3 
4 

Total 

382 
377 
359 

15.8 
14.1 
12.5 

674 

520 

27.4 
21.3 
21.8 

'839 
625 
618 

37.2 
24.8 
2S.1 

648 
635 
634 

27.2 
25.2 
25.  H 

1118    1    42.4    1    1675    1    70.5    1  2082 

90.1 

1917 

78.3 

*i8g6 — Cow  dry  over  five  months. 

1897 —  Cow  dry  over  four  months. 

1898 —  Cow  dry  over  three  and  one-half  months. 
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The  results  with  Cow  No.  4  bear  additional  testimony  of  the  value 
of  a  balanced  ration.  The  shorter  periods  for  going  dry  when  fed  a 
balanced  ration  is  particularly  worthy  of  note. 


Table  5 — Record  of  Cow  No.  5* — Corn  Meal  Ration  vs. 
Balanced  Ration. 


Balanced  Ration,  corresponding 

Corn  Meal  Ration,  5th  to  9th 

lactation  period.  1S96. 

month  of  lactation  period.  1897. 

Milk,  lbs. 

Butter,  lbs. 

Milk,  lbs. 

Butter,  lbs. 

561 

26.3 

481 

17.4 

340 

11.9 

436 

20.9 

330 

14.1 

374 

18.7 

358 

16.6 

376 

17.9 

373 

16.5 

203 

11.8 

1963 

85.3  1 

1860 

86.7 

*Experiinent  cut  short  with  cow  on  account  of  death  from  acute 


pericardites. 

The  results  with  this  cow  are  not  so  marked,  yet  her  milk  yield 
is  in  favor  of  the  balanced  ration  with  very  little  difiference  in  the 
amount  of  butter. 


Table  6 — Record  of  Cow  No.  9 — Corn  Meal  Ration  vs. 
Balanced  Ration. 


Month 
of 

lactation. 

Balance  Ration. 
1&98. 

Corn  Meal 
Ration. 
1897. 

Corn  Meal 
Ration. 
1896. 

Balance  Ration, 
last  6  months  of 
lactation  period. 
1896. 

Milk, 
lbs. 

Butter, 
lbs. 

Milk, 
lbs. 

Butter, 
lbs. 

Milk, 

lbs. 

Butter, 
lbs. 

Milk, 
lbs. 

Butter, 
lbs. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

613 
533 
541 
609 
508 
421 
462 
391 
350 

33.9 
20.5 
38.5 
31.3 
20.2 
20  6 
23.7 
19.6 
22.1 

641 
703 
646 
033 
555 
461 
371 
363 
353 

39.9 
33.6 
38.6 
33.6 
30.6 
33.6 
19.1 
14.7 
30.8 

""507 
403 
3*12 
486 
378 
194 

*  21.9' 

23.6 
20.3 
22  0 
22.1 
10.4 

350 
310 
373 
401 
370 
336 

33.1 
23.2 
34  3 
22.8 
31.6 
19.4 

9  Months. 

4428 

2194 

0000 

0000 

4639 

313  5 

0000 

000.0 

"6  Months. 

2741 

137  5 

2230 

1  1 
119.3    1   2640   1  121.4 

3139 

133.4 

*Cow  was  in  milk  for  fifteen  months  1896-1897. 
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Tlie  feeding  of  this  cow  with  corn  meal  was  commenced  the  sec- 
ond year  she  was  at  the  Station,  and  continued  through  the  third 
year,  but  could  not  be  conducted  longer,  as  she  was  removed  from 
the  herd  on  account  of  sickness. 

The  com  meal  feeding  only  covered  the  last  six  months  of  the 
second  lactation  period.  The  results  in  the  table  are  for  the  respective 
SIX  and  nine  months  periods.  They  are  all  in  favor  of  the  balanced 
ration. 

Conclusions : — From  the  results  obtained  with  these  six  cows  it 
would  seem  that  there  was  little  doubt  that  the  profits  were  in  favor 
of  feeding  a  balanced  ration  of  mixed  grains  rather  than  feeding  corn 
meal  only  as  the  grain  ration.  The  indications  ^re  that  the  cows  keep 
more  healthy,  in  better  breeding  form,  and  are  in  better  shape  for  the 
succeeding  year's  work  when  fed  a  balanced  ration  than  when  fed  of 
only  corn  meal.  While  it  is  not  always  possible  for  the  small  farmer 
to  get  the  necessary  grains  for  making  a  balanced  ration,  economi- 
cally, yet  a  dairyman  with  ten  or  more  cows  can  get  them  by  pur- 
chasing by  the  carload  direct  from  the  wholesale  dealers.  The  rich 
by-products  will  keep  well  until  used ;  but  of  course  it  is  desirable  to 
have  them  fresh,  and  several  farmers  or  dairymen  in  a  community 
ought  to  cooperate  and  purchase  together. 


MIXED  GRAIN  RATIONS  OF  DIFFERENT  DEGREES  OF 
RICHNESS  IN  PROTEIN. 

There  is  no  point  in  connection  with  the  feeding  of  cowa  which  is 
of  so  much  interest  as  that  of  how  much  protein  is  required,  and  in 
what  proportion.  To-day,  among  most  feeders,  two  standards  are 
recognized — the  "German  Standard,"  which  is  founded  upon  the  re- 
sults of  experiments,  and  the  "American  btandard,"  which  has  been 
calculated  from  a  compilation  of  the  results  of  good  practice  of  suc- 
cessful American  dairymen.  These  standards  vary  in  ratio  1.5  and 
the  American  Standard  requires  not  onlv  a  less  relative,  but  actually 
less  protein  than  that  advised  by  the  German  investigators.  With  an 
idea  of  studying  some  of  this  point  the  tests  herewith  recorded  were 
made. 

The  cows  used  in  this  experiment  had  been  receiving  for  some 
time  uniform  treatment.  They  were  divided  into  two  lots  so  that  all 
points  as  to  individual  characteristics  of  breeding,  amount  of  milk 
flow,  and  so  forth,  were  as  even  as  possible.  The  plan  was  to  start 
them  with  rations  which  were  not  far  apart  in  their  relative  ratios,  and 
gradually  get  them  further  apart.  The  foods  used  in  making  up  the 
ration  were  the  same  for  both  lots  of  cows,  and  only  varied  in  the  pro- 
portions used. 

At  the  beginning  lot  one  was  continued  upon  the  ration  which  had 
been  fed  to  all  the  cows  for  some  months,  and  the  ratio  of  lot  two 
was  made  narrower  by  adding  more  of  the  feeds  richer  in  protein.  The 


SOME  FEKUIXG  EXl'DKIMD.XrS  WITH  COWS. 


feeds  used  in  the  rations  were  corn  meal,  wheat  bran,  g-luten  meal,  hay 
and  corn  loduer. 

The  results  of  the  feeding  of  these  rations  are  given  in  Tables  7,  8, 
9  and  10,  showing  the  relation  of  protein  fed  in  a  wide  and  narrow  ra- 
tio to  products,  and  in  Tables  11,  12,  13  and  14,  showing  the  relation 
of  the  carbo-hydrates  to  the  products.  The  summary  of  these  results 
is  given  in  Table  15. 

The  detailed  data  as  to  the  amount  of  the  different  constituents  is 
indicated  in  the  heading  of  the  tables.  The  requirements  for  main- 
tenance is  based  upon  the  maintenance  ration  for  an  animal  weighing 
1,000  pounds,  that  is  0.7  pounds  protein  and  8.3  pounds  carbohydrates 
per  day. 

The  fourth  period  has  no  records  made,  as  the  cows  were  all 
well  advanced  in  period  of  lactation  and  some  dry.  The  lots  were 
continued  on  the  same  feeds  respectively. 

Period  five,  it  will  be  noted,  was  the  end  of  one  year's  feeding 
upon  these  rations.  The  results  for  this  ])L'ri(id,  though  not  showing 
the  same  figures,  yet  are  in  the  same  relative  (lirecticms.  The  results 
would  have  l^een  less  varied  between  the  lots  had  it  not  l^een  for  cows 
Nos.  4  and  16,  which  had  been  milking  for  a  long  time  on  account  of 
failure  to  breed. 

TAP.LE  7. 

Showing  Relation  of  Protein  Fed  in  Wide  and  Xarrow  Ration  to 
Products.  .  . 

Period  i,  December  and  January,  62  days. 


Digestible  Nutrients  in  100  Pounds  of  Feed — Protein  7.8  Pounds; 
Carbohydrates  51.4  Pounds — Nutritive  Ratio  of  Ration  1:6.6. 


Cow 
No. 

Weight 
of  Cow, 
lbs. 

Milk 
Yield, 
lbs. 

Butter 
Yield 

ib. 

Food 
Eaten, 
lbs. 

Protein. 

Fed. 
lbs. 

Used  for 
Maintenance 
lbs. 

37 
43 
37 
37 
37 
31 
43 

Consumed  for 
100  lbs  Milk 
lbs. 

7.0 
5.8 
8  2 
10.2 
5  9 
7.1 
6.3 

1 
4 
10 
12 

ir> 

19 
2S 

sen 

1023 
910 
850 
910 
763 

1017 

1059 
1269 
880 
684 
1235 
1213 
1379 

67.9 

51.0 
46.2 
43  0 
68.0 
96  8 
63  5 

1423 
1501 
13  H 
1368 
1409 
1.501 
1674 

Ill 
117 
109 
107 
110 
117 
131 

Total  .. 

C33G 

7719 

435.4 

10270 

1  802 

265 

.50.5 

Average  . 

905    1  1102 

63.3 

1467 

1  ,H 

37         1  7.2 
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TABLE  7 — Continued. 

Digestible  Nutrients  in  lOO  Pounds  of  Feed — Protein  9.0  Pounds; 
Carbohydrates  51.  Pounds — Nutritive  Ratio  1:5.7. 


Cow 
No 

Weight 
of  Cow, 
lbs. 

Milk 
Yield, 
lbs. 

Butter 
Yield, 
lbs. 

Food 
Eaten, 
lbs. 

0 

909 

764 

46.0 

l'>29 

7 

b72 

1010 

6.5.9 

1487 

13 

803 

*278 

14.6 

*620 

15 

9t3 

1663 

80.4 

1673 

17 

842 

1742 

8S.7 

1429 

21 

666 

1039 

.59.1 

1225 

2'J 

92.5 

768 

39.8 

1416 

Total  . . . . 

6002 

7264 

394.5 

9279 

Average..!     857    I    1037  I  .50.: 


Protein. 


Fed, 
lbs. 


Used  for    Consumed  for 
Maintenance!  100  lbs. Milk, 
lbs.  lbs. 


130  I 


240 
34 


12.0 
9.6 

13.4 
6.4 
5  3 
7.6 

1.3.0 


67..: 


*30  days  in  test.   JExcluded  from  Average. 


TABLE  8. 


Digestible  Nutrients  in  100  Pounds  of  Feed — Protein  7.1;  Carbo- 
hydrates 48.0  Pounds — Nutritive  Ratio  i  -.6.7.   2nd  Period  43  days. 


Cow 
No. 

Weight 
of  Cow. 
lbs. 

Milk 
Yield, 
lbs. 

Butter 
Yield, 
lbs. 

Food 
Eaten, 
lbs. 

Protein. 

Fed, 
lbs. 

Used  for 
Maintenance 
lbs. 

CoHFumed  for 
100  lbs.  Milk, 
lbs. 

1 
4 
10 
12 
16 
19 
28 

P57 
997 
920 
860 
907 
762 
962 

605 
782 
.510 
403 
6rt2 
73'J 
855 

.38  8 
31.0 
21.4 
24.4 
.33.2 
.3«.l 
38.7 

1012 
1018 
1016 
936 
848 
916 
1166 

72 
72 
72 
66 
60 
65 
82 

26 
30 
26 
26 
26 
22 
26 

7.6 
5  4 
9.0 
9.9 

.5.1 
5.8 
6.6 

Total ... 

6265 

4.5.56  223.6 

6912 

489  !  182 

49.4 

Averaere.l  895 

6.50  1  31.9 

987 

69  26 

7.1 
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TABLE  8 — Continued. 


Digestible  Nutrients  in  loo  Pounds  of  Feed — Protein  9.4  Pounds; 
Carbohydrates  48.5  Pounds — Nutritive  Ratio  i  -.5.2. 
Second  Period  43  Days. 


Cow 
No 

IWeight 
of  Cow, 
lbs. 

Milk 
Yield, 
lbs. 

;Butter 
Yield, 
'  lbs. 

Food 
Eaten, 
lbs. 

Protein. 

Fed, 
lbs. 

Used  for 
Maintenance 
lbs 

Consumed  for 
100  lbs.  Milk, 
lbs. 

7 

13 
15 
17 
21 
2.) 

903 
878 
805 
973 
836 
667 
943 

436 
596 
439 
1055 
95!- 
611 
432 

21.9 
2^.1 
21.9 
46.8 
44.7 
34.3 
25.3 

1006 
1016 

85 1 
1124 
1016 

851 
1012 

95 
9*> 
80 
106 
96 
80 
95 

36 
35 
36 

30 
26 
33 
30 

15.8 
11.7 
12.3 
7.2 
7.5 
9.5 
15.0 

Total  ... 

6010 

4526 

223.9 

6939 

648 

186 

78.8 

Average . 

858    1     646  1  31.9 

991 

92 

26 

11.3 

TABLE  9. 

Digestible  Nutrients  in  100  Pounds  of  Feed — Protein  6.5  Pounds; 
Carbohydrates  51.6  Pounds — Nutritive  Ratio  1:7.9. 
Third  Period,  106  Days — March  15  to  June  30. 

Cow 
No. 

Weight 
of  Cow, 
lbs. 

Milk 
Yield, 
lbs. 

Rutter 
Yield, 
lbs. 

Food 
Eaten, 
lbs. 

Protein. 

Fed. 
lbs. 

Used  for 
Maintenance 
lbs. 

Consumed  for 
100  lbs.  Milk, 
lbs. 

1 
4 
10 
12 
16 
19 
2i 

908 
1032 
990 
919 
939 
819 
1032 

1366 
1884 
716 
1027 
1312 
1438 
1971 

88.4 

70  4 
38.9 
63.2 
73.4 
86.3 
95.3 

2474 
2514 
3246 
3386 
3474 
3538 
3908 

161 
163 
146 
155 
161 
165 
189 

64 
74 
74 
64 
74 
64 
74 

7.1 

47 
10.0 
8.8 
6.7 
7  0 
5.8 

Total  .. 

6639 
94<< 

9718 

524.9 

17540 

1140 

488 

46.1 

Averae:«  . 

1387  1    74.9  1  2505 

162  1  69 

6.6 
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TABLE  9 — Continued. 


Digestible  Nutrients  in  loo  Pounds  of  Feed — Protein  9.4  Pounds; 
Carboliydrates  48.5  Pounds— Nutritive  Ratio  i  15. 2. 


2 

964 

988 

59.4 

2172 

201 

74 

13.3 

910 

1078 

105.1 

2412 

64 

9.9 

13 

841 

1036 

50.9 

222  s 

309 

64 

14.0 

15 

1020 

2t  17(1 

102. (i 

2792 

1  262 

74 

9.0 

17 

886 

2297 

1-J5.5 

2192 

231 

64 

7.4 

721 

1496 

««.o 

2074 

195 

53 

9.5 

39 

1021 

717 

43.1 

3276 

214 

74 

19.5 

Total  

636G 

10288 

573  6 

16476 

1548 

467 

82  5 

Average  . 

9(19 

1169 

81.9 

2353 

331 

66 

11.8 

Fourth  Period — July  ist  to  September  30th,  or  92  days,  cov/s 
were  continued  on  same  ratiotis  respectivelv ;  but  as  all  were  far  ad- 
vanced in  period- of  lactation,  and  some  dry,  no  results  could  be  ob- 
tained. 


TABLE  10. 


Same  Rations  as  Fed  in  Third  and  Fourth  Periods. 
Fifth  Period — October  and  November,  61  Days. 

LOT  L 


Weight 
of  Cow. 
lbs 

Milk 
Yield, 
lbs. 

Butter 
Yield, 
lbs. 

Food 
Eaten 
lbs. 

Protein. 

Cow 
No. 

Fed, 
lbs. 

Used  for 
Maintenancf 
lbs. 

Consumed  for 
100  lbs.  Milk, 
lbs. 

1 
•4 

10 
13 
•16 

19 

28 

910 
1144 

880 

813 
1000 

815 
1070 

1318 

1377 
1279 
6f)6 
1097 
1301 

77.1 
34.6 
68.3 
65.4 
32.8 
05 . 9 
03 . 1 

1(33 
H88 
1350 
1034 
1308 
1262 
1042 

93 
97 
88 
07 
85 
P2 
107 

37 
49 
37 
37 
43 
37 
43 

4.2 
8.3 
3.7 
2.4 
7.0 
4.1 
4.1 

Total. 

6632 

7588 

397.3 

9510 

1  619 

283 

33.8 

Average 

947 

1184 

.56.7 

1359 

1  88 

40 

4~7~ 

*  Had  not  been  I)re(l  and  were  milked  continuously  since  begiuuint?  of  experiment. 


SOME  FEEDING  EXPERIMENTS  WITH  COWS.  131 
LOT  II. 


2 

1018 

960 

.-r  - 

1200 

113 

43 

7.3 

7 

966 

1039 

69.7 

1214 

lit 

43 

6.8 

*13 

935 

395 

23.1 

3()0 

28 

KJ 

5.0 

fl5 

1010 

798 

42.8 

714 

67 

21 

5.9 

tl7 

950 

523 

28.7 

636 

60 

21 

7.4 

21 

848 

809 

51.8 

1308 

123 

37 

9.4 

29 

958 

1130 

65.7 

1164 

109 

43 

5.9 

Total  

6685 

5654 

337.3 

6536 
933 

614 

218 

47.7 

Averag;e  . 

955 

807  1  48.2 

87 

6.8 

*  Milked  1.5  days.      t  Milked  30  days. 


Standard  for  maintenance  0.7  pounds  of  protein,  8.3  pounds  car- 
bohydrates. 

TABLE  II. 

Showing  Relation  of  Carbohydrates  Fed  in  Wide  and  Narrow  Ration 
to  Products. 
Period  i — December  and  January,  62  Days. 
Digestible  Nutrients  in  100  Pounds  of  Feed — Protein  7.8  Pounds; 
Carbohydrates  51.4  Pounds — Ratio  1:6.6. 


Carbohydrates. 


Lot  1. 
Cow  No. 

Fed, 
lbs. 

Used  for  main- 
tenance lbs. 

Consumed  for 
100  lbs.  of  milk 
lbs. 

Consumed  for 
1  lb.  of  butter 
lbs. 

1 
4 
10 
12 
16 
19 
28 

731 
771 

716  . 

703 

724 

771 

860 

444 

526 
468 
437 
468 
393 
523 

27.1 
19  5 
28,2 
38.8 
30.7 
31.1 
34.4 

4.2 
4.8 
5.3 
6.3 
3.8 
3.9 
5.2 

3259 

189  8         1  33.4 

466 

27  1         1  4.9 
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Lot  II — Nutritive  Ratio  i 
Digestible  Nutrients  in  loo  Pounds  Feed — Protein  9.0  Pounds;  Car- 
bohydrates 51.0  Pounds. 


2 

729 

468 

34.1 

5.7 

7 

758 

449 

30.5 

4.7 

13 

816 

2fi2» 

41.0 

7.8 

15 

853 

506 

20.8 

4.3 

17 

729 

433 

17.0 

3.3 

21 

625 

343 

27.1 

4.7 

29 

722 

476 

32.0 

6.1 

Total 

4416 

2675 

202 . 5 

36.6 

736 

446 

28.9 

5.. 

*Exclude(l  from  average. 


TABLE  12. 

Showing  Relation  of  Carbohydrates  Fed  in  Wide  and  Narrow  Rations 
to  Products. 
Period  2 — February  ist  to  March  15th,  43.  Days. 
Digestible  Nutrients  in  100  Pounds  of  Feed — Protein  7.1  Pounds; 
Carbohydrates  48.0  Pounds — Ratio  i  -.6.7. 


Lot  1. 
Cow  No. 


Fed, 
lbs. 


Carbohydrates. 


Used  for 
Maintenace 
lbs. 


1 

486 

306 

29.7 

4.6 

4 

489 

356 

17.0 

4.3 

10 

488 

328 

31.4 

7.5 

12 

443 

307 

35.2 

5.7 

16 

407 

324 

12.5 

2  5 

19 

440 

272 

22.7 

4.6 

28 

560 

343 

25^3 

5.6 

Total   

3319 

2236 

173.8 

34.8 

474 

319 

24.8 

5.0 

Consumed  for    Consumed  for 
100  lbs.  of  Milk  1  lb.  of  Butter 
lbs.  lbs. 


J 
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Lot  II — Digestible  Nutrients  in  loo  Pounds  of  Feed — Protein  9.4 
Pounds ;  Carbohydrates  48.5  Pounds — Nutritive  Ratio  i  -.$.2. 


2 

488 

322 

38.1 

7.6 

493 

313 

30.2 

6.2 

13 

414 

287 

29.0 

5.8 

15 

54-5 

347 

18.8 

4.2 

17 

493 

298 

20.4 

4.4 

21 

412 

238 

28.4 

5.1 

29 

491 

338 

35.4 

6.0 

Total  

3336 

2143 

200.3 

39.3 

476 

30(5 

28.6 

5.6 

TABLE  13. 

Showing  Relation  of  Carbohydrates  Fed  in  Wide  and  Narrow  Rations 
to  Products. 
Period  3 — March  15  to  June  30,  106  Days. 
Digestible  Nutrients  in  100  Pounds  of  Feed — Protein  6.5  Pounds ; 
Carbohydrates  51.6  Pounds — Ratio  1:7.9. 


Lot  1. 
Cow  No. 


4 

10 
12 
16 
19 
2S 

Total 
Average 


Carbohydrates. 


Fed, 
lbs. 


1277 
1297 
1159 
1231 
1277 
1310 
1500 

9051 

1293 


Used  for 
Maintenance, 
lbs. 


908 
873 
809 


Consumed  for    Consumed  for 
100  lbs  of  Milk  1  lb.  of  Butter, 
lbs.  i  lbs 


34.6 
20.6 
39.9 
41.0 
34.3 
41.0 
30.0 

241.4 


5  2 
4.« 
7.3 
6.6 
6.1 


Lot  II — Digestible  Nutrients  in  100  Pounds  of  Feed — Protein  9.4 
Pounds ;  Carbohydrates  48.5  Pounds — Nutritive  Ratio  i  :5.2. 


2 

1053 

848 

20.7 

3.4 

7 

1184 

801 

22.8 

3.6 

13 

1080 

743 

33.4 

6.8 

15 

1354 

897 

17.1 

8.4 

17 

1209 

779 

18.7 

3.4 

21 

1006 

634 

24.8 

4.2 

29 

1104 

898 

28.7 

4.8 

Total   

7990 

5600 

166.2 

29.6 

Average .  • 

1141 

800 

23.7 

4.2 
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TABLE  14. 

Showing  Relation  of  Carbohydrates  Fed  in  \\'ide  and  Narrow  Ration 
to  Products. 
Period  5 — October  and  Xovember,  61  days. 
Ration  Same  as  Fed  in  Periods  3  and  4. 


Carbohydrates 


Lot  1. 

Used  for 

Consumed  for 

Consumed  for 

Cow  No. 

Fed. 

Maintenance, 

100  lbs.  of  Milk. 

1  lb.  of  Butter. 

lbs. 

lbs. 

lbs. 

lbs. 

\ 

739 

461 

20.6 

8.6 

4* 

768 

679 

32.8 

7.7 

10 

697 

445 

18.8 

8.7 

12 

533 

412 

9.4 

1.8 

1(5* 

675 

506 

27.8 

5.1 

19 

651 

413 

21.7 

3.5 

28 

847 

540 

23.3 

4.8 

Total  

4910 

3358 

153.9 

30.2 

Average  .... 

701 

480 

22 . 0 

4.3 

Lot 

IL— Ration 

Same  as  Fed 

in  Periods  3  and  4. 

2 

582 

515 

7.0 

1.2 

589 

489 

9.6 

1.4 

13 

145* 

118* 

7.0 

1 .2 

lo 

346* 

256* 

11.2 

2.1 

17 

308* 

240* 

11.1 

2.4 

634 

429 

26.5 

4.1 

29 

565 

485 

8.0 

1.3 

Total  

2370 

1918 

80.4 

13.7 

592 

479 

11.5  1 

1.9 

•Excluded  rrom  average. 
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TABLE  IS. 

Showing  Summary  of  Results  Given  in  Tables  7  to  14. 


Ratio 

Carbohydrates 

Consumed  for  100  lbs.  of  Milk. 

Lot 

Period. 

No. 

of 

consumed 

Protein 

Carbohy- 

Total 

Rations 

for  1  lb.  Butter. 

drates. 

Nutrients. 

1 

I 

1:G.6 

4.9 

7.2 

27. 1 

34.3 

\ 

I 

1 :6.7 

5.0 

7.1 

24.5 

31.9 

8 

I 

1 :7.9 

62 

6.6 

34  5 

41.1 

I 

1:7.9 

4.3 

4.8 

23.0 

26.8 

1 

11 

1:5  7 

5.2 

9.6 

28.9 

38.5 

2 

II 

1:5.2 

5.6 

11.3 

28.6 

39.9 

8 

II 

1:5.2 

4  2 

11.8 

23.7 

35.5 

II 

1:5  2 

1.9 

6.8 

11.5 

18.3 

Average  of  Pe- 

riods. 

I 

1:6.65 

4.9 

7.2 

25.9 

33.1 

-J  and  5  

I 

1:7.9 

5.2 

5.7 

28.2 

33.9 

2,  3  and  5  .... 

II 

1:5.2 

3.9 

10.0 

21 . 3 

31.3 

II 

1:5.2 

4.8 

11  2 

26.2 

37.4 

RESULTS. 

The  results  obtained  in  these  feeding  trials  would  seem  to  indi- 
cate that  the  American  standard  is  certainly  more  economical  than 
the  German  Standard,  and  would  also  seem  to  indicate  that  even  the 
American  Standard  was  narrower  than  necessary.  Especially  is  this 
true  when  it  is  considered  that  many  sections  can  produce  the  carbo- 
hydrate feeds  in  great  abundance  very  cheaply,  and  have  difficulty  in 
growing  a  supply  of  the  protein  feeds.  These  results,  together  with 
those  recorded  in  Section  i,  would  seem  to  put  more  stress  on  the 
value  of  variety  in  feeds  than  is  generally  recognized. 

For  a  full  appreciation  of  these  results  the  figures  in  the  tables 
should  be  given  a  careful  and  detailed  study,  particularly  the  nutrients 
consumed  to  give  one  hundred  pounds  of  product. 

Compare,  for  instance,  the  amount  of  protein  required  for  one 
hundred  pounds  of  milk  with  Lot  I,  period  3,  with  that  for  Lot  H,  aver- 
age of  periods  2  and  3 ;  from  which  it  is  seen  that  it  required  4.6 
pounds  less  protein  and  only  3.7  pounds  more  carbohydrates,  with  a 
ration  of  i  7.9  than  with  one  of  i  :5.2.  In  this  connection  due  regard 
must  be  given  to  the  relative  cost  of  protein  and  carbohvdrates. 

This  would  seem  to  indicate  that,  for  Maryland  farmers,  a  ration 
with  a  ratio  of  i  17.0  was  more  economical  than  the  German  Standard. 
Comparing  periods  2  and  3,  of  Lot  I,  it  would  seem  that  the  most 
economical  ration  would  be  somewhere  between  a  ratio  of  i  to  6.9  and 
I  to  7.9. 

This  Station  will  take  ud  further  study  upon  this  point  in  connec- 
tion with  a  study  of  the  difYerent  sources  of  protein  which  is  now  in 
progress . 
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THE  NEW  CORN  PRODUCT  AS  ROUGHAGE  FOR  COWS. 

In  Bulletins  Nos.  43  and  51  are  reported  tests  of  the  digestibility 
of  the  new  corn  product  with  steers  and  horses.  In  Bulletin  No.  63 
is  given  some  results  of  feeding  expenrnents  with  pigs  wnen  the  ra- 
tion contained  some  of  the  new  corn  product,  and  in  the  following 
pages  are  given  the  results  obtamed  by  its  use  as  roughage  for  milch 
cows  in  comparison  with  the  common  feeds  used  in  this  section. 

The  new  corn  product  is  a  roughage  that  is  of  considerable  inter- 
est to  the  farmers  of  the  United  States,  as  its  use  affords  a  market  for 
what  has  been  a  waste  product  over  large  areas ;  an4  now  many  sec- 
tions are  availing  of  it  as  a  cheap  and  good  feed.  There  is  much  of 
it  now  being  used  in  this  country  and  in  Europe  for  mixing  with  beet 
sugar  pulp  and  distillery  refuse  in  order  to  make  them  more  palatable 
to  animals. 

In  all  the  tests  the  cows  received  the  same  grain  ration,  which 
was  made  up  of  a  mixture  of  500  pounds  of  hominy  chop,  300  pounds 
wheat  bran  and  200  pounds  of  "King"  or  "Cream"  gluten  meal.  So 
that  as  far  as  the  grain  was  concerned  it  was  a  constant  factor,  with 
the  exception  of  the  variation  of  the  amount  consumed. 

Green  Soiling  Corn  vs.  New  Corn  Product : — At  the  time  of 
Changing  from  green  feed  to  dry  it  was  decided  to  use  the  new  corn 
product  as  roughage.  At  this  time  there  were  only  six  cows  that  were 
available  for  this  test.  The  record  for  these  cows  for  the  fourteen  days 
from  October  ist  to  14th,  when  they  received  green  soiling  com,  is 
given  in  Table  i,  and  that  for  the  following  fourteen  days,  October 
15th  to  28th,  when  they  received  the  new  corn  product,  is  given  in 
Table  2. 

From  these  tables  it  will  be  seen  that  three  of  the  cows  gained  in 
milk  yield  and  three  lost,  but  that  for  the  six  cows  there  was  a  total 
gain  of  twenty-eight  pounds,  or  two  pounds  per  day. 

When  the  milk  yield  was  calculated  to  its  butter  equivalent  all 
the  cows  made  a  gain  except  one.  The  total  gain  in  butter  was  17.2 
pounds.  The  amount  of  grain  consumed  was  twenty-nine  pounds  more 
when  on  the  new  corn  product  ration  than  with  tlie  green  soiling  corn, 
but  the  value  of  the  gain  in  milk  or  butter  would  overbalance  this. 

The  time  of  change  from  green  to  dry  feed,  is  about  the  most 
severe  of  anv  in  the  year,  as  it  is  almost  alwavs  expected  that  a  falling 
off  of  milk  flow  will  occur.  In  this  test  the  drv  feed  (New  Corn  Pro- 
duct) was  able  to  hold  its  own  to  a  remarkable  degree. 
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TABLE  I. 

Quantity  of  Milk  and  Butter  Produced  and  Feed  Eaten  by  Cows 
From  October  ist  to  14th,  1897. 
(Long  Forage — Green  Soiling  Corn.) 


Cow. 

Milk 

Per  cent 

Butter 

Grain 

Fodder  Green- 

No. 

lbs. 

Butter-fat 

lbs. 

lbs. 

Soiling  Corn. 

1 

197 

4.2 

9.6 

152 

488 

3 

293 

3.2 

11.0 

163 

630 

5 

194 

3.1 

7.0 

158 

630 

7 

281 

4.0 

13.1 

162 

630 

9 

18  r 

3.7 

8.1 

162 

493 

18 

300 

3.1 

10.9 

168 

630 

Totals.. 

1453  !   

59.7 

965 

3501 

TABLE  IL 


Quantity  of  Milk  and  Butter  Produced  and  Feed  Eaten  by  Cows, 
From  October  15th  to  28th,  1897. 
(Long  Forage — New  Corn  Product.) 


Cow 

Milk 

Per  cent 

Butter 

Grain 

New  Corn 

No. 

lbs. 

Butter  fat. 

lbs. 

lbs. 

Product. 

1 

213 

5.0 

12.4 

178 

3 

277 

3.8 

16.7 

168 

131 

227 

4.3 

11.1 

163 

121 

7 

220 

5.0 

13.8 

163 

140 

9 

176 

4.8 

9.8 

162 

147 

18 

269 

4.5 

U.l 

162 

131 

Totals  

1481  1 

76.9 

994 

816 

Comparison  of  Hay,  Corn  Fodder  and  the  New  Corn  Product : — - 
In  this  portion  of  the  test  it  was  desired  to  test  the  new  corn  product 
with  the  dry  roughage  available  on  most  farms ;  ordinary  mixed  tim- 
othy and  clover  hay  (timothy  predominating)  and  shredded  corn  fod- 
der, such  as  is  described  and  used  in  the  tests  reported  in  Bulletins 
Nos.  41  and  43.  In  all  the  tests  the  cows  were  given  all  the  roughage 
they  would  eat.  The  details  of  these  tests,  with  results  of  same,  are 
given  in  Tables  3,  4,  5,  6  and  7. 

In  summary  of  Table  3  it  will  be  noted  that  the  six. cows  on  ex- 
periment for  two  months  produced  more  milk  and  butter,  and  on  a  less 
weight  of  feed,  with  the  new  com  product  roughage,  than  with  the 
mixed  hay  and  shredded  corn  fodder  roughage. 
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In  Table  4  the  summary  for  the  six  cows  on  experiment  for  three 
months  showed  the  new  corn  product  to  produce  more  butter  but  less 
milk  than  the  hay  and  fodder  ration.  There  was  less  food  consumed 
when  feeding  the  new  corn  product. 

TAPJLE  III. 

Results  for  Cows  Under  Experiment  for  Two  Months. 


Month  and  Kind  of 

Product 

AND  Food  Consumed,  in  Pounds. 

ROUGHAGK. 

Cow  No  1. 

Cow  No.  5. 

^iJODays  for  Each  Month.) 

Milk. 

3 

Grain. 

a  V- 

0  0 

Milk 

Butler. 

Grain. 

Long 
Forage 

1897-8. 
November. 

415 

24.2 

360 

273 

374 

18.7 

:Sf)0 

316 

December. 

485 

26.6 

352 

346 

364 

17.3 

355 

394 

Cow 

No.  4. 

Cow  No.  17. 

January. 

812 
669 

36.0 

388 

197 

630 

29.4 

360 

273 

February. 
Shredded  Corn  Fodder.. 

26  6 

418 

315 

612 

32.9 

360 

300 

Cow  No.  13. 

Cow  No.  13 

January. 

February. 
'S'i'edded  Corn  Fodder. 

729 
691 

4O.O 
37.1 

360 
346 

273 
300 

756 

629 

40.3 

32.  2 

360 
412 

346 

356 

Roughage— New  Corn  Product 

6  CowB  

"           Hay  and  Corn  Fod- 
rler,  6  Cows  


Milk, 
lbs. 


3716 
3450 


Butter, 


Food  Consumed. 


Grain, 
lbs. 


Roughage, 
lbs. 


1778 
2011 


Total, 
lbs. 


3966 
4253 


TABLE  IV. 


Results  for  Cows  Under  Experiment  for  Three  ]\Iontns. 


Product. 

Food  Consumed. 

Kougnage  and  Cow  InO.  (oU  days  tor 

each  month)  1897-98. 

Milk. 

Butter, 

Grain 

Roughage 

Total, 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 



Cow  No  :3. 

Average  for  Nov.  and  Jan  New  Corn 

500 

23.8 

3^0 

338 

698 

503 

23 .  (> 

3G0 

410 

770 

Cow  No.  7. 

Average  for  Nov.  and  Jan.  New  Corn 

33 . 2 

300 

315 

675 

30 . 5 

360 

3:0 

740 

Cow  No.  9 

Average  for  Nov.  and  Jan.  New  Corn 

304 

20.0 

300 

317 

677 

December — Mixed  Hay  

470 

21.3 

36f) 

410 

770 

Cow  No.  15. 

804 

37.4 

387 

310 

697 

806 

.32.3 

413 

378 

790 

Cow  No  16. 

057 

35.3 

360 

335 

695 

Average  for  Dec   and  Feb.,  Hay  and 

070 

3t.3 

360 

322 

682 

Cow  No.  19. 

825 

47.1 

360 

350 

710 

Average  for  Dec.  and  Feb  ,  Hay  and 

818 

45.1 

360 

339 

689 

Summary. 

Total  for  3  Cows.  New  Corn  Product. 

1367 

75.9 

1080 

970 

3050 

Total  for  3  Cows,  Mixed  Hay 

1577 

75.4 

1080 

1200 

3380 

Total  for  3  Cows,  New  Corn  Product. 

3286 

119.7 

1107 

995 

2102 

Total  for  3  Cows,  Hay  and  Shredded 

3394 

111.7 

1133 

1029 

2151 

Total  for  6  Cows,  New  Corn  Product. 

3653 

195.6 

2187 

1965 

4152 

Total  for  6  Cows,  Hay  and  Fodder. . . 

3S71 

187.1 

2312 

2229 

4441 
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TABLE  V. 


Detailed  Results  of  Cows  Under  Experiment  for  Four  Consecutive 
Months. 


Month,  Kind  of  Roughage  and  Cow 
No.  (30  day  for  each  month),  1897-1 


Cow  No.  2. 

November — New  Corn  Product  

December— Mixed  Hay  

January — New  Corn  Product  -  

February— Shredded  Corn  Fodder  ... 

Total  for  2  months  on  New  Corn  Pro- 
duct  

Total  for  2  months  on  Hay  and  Fod 
der  


Cow  No.  10. 

November — New  Corn  Product  , 

December — Mixed  Hay  

January— New  Corn  Product  

February — Shredded  Corn  Procuct  

Total  for  2  months  on  New  Corn  Pro 

duct  

Total  for  2  months  on  Hay  and  Fod 

der  


Cow  No.  11. 

November — New  Corn  Pro<luct  

December— Mixed  Hay  

Januar> — New  Corn  Product  

Febriiary — Shredded  Fodder  

Total  for  2  months  on  New  Corn  Pro 

duct  

Total  for  2  months  on  Hay  and  Fod 

der  


Cow  No.  18. 

November— New  Corn  Product  

December — Mixed  Hay  

January — New  Corn  Product  

February — Shredded  Corn  Fodder  

Total  for  2  months  on  New  Corn  Pro 

duct  

Total  for  2  months  on  Hay  and  Fod 

der  


Cow  No.  28. 

November— New  Corn  Product  

December — Mixed  Hay   

January— New  Corn  Product  

February— Shredded  Corn  Fodder... 
Total  for  2  months  on  New  Corn  Pro 

duct  '  

Total  for  2  months  on  Hay  and  Fod 

der  


Product. 


Milk,  Butter 
lbs.  lbs 


693 
605 
5i)2 

1298 

1235 


698 

643 

1469 
1452 

673 
722 
652 
580 

1330 

1302 


664 
551 
484 


735 
858 
792 


1527 
1547 


40.4 
37.0 

35.3 
29.0 

75.8 

66.0 

32.4 
32.0 
32.5 
32.3 

64.9 

64.3 

35.6 
32.8 
30.5 
35.8  I 

66.1 

68.6 


29.9 
31.1 
30.8 
27.6 


1160  60.7 
1148  !  58.7 


31.7 
36.0 
36.9 
31.4 


63.6 
67.4 


Food  Consumed. 


Grain  Roughage,  Total 
lbs.         lbs.  lbs. 


406 

720 
766 

360 
360 
360 
360 

720 

720 

40.3 
521 
532 
540 

935 

1061 


406 
376 
418 


824 


324 
400 
316 
336 

640 

756 


324 
390 
2U6 
300 


3B2 
300 


341 
410 
300 
358 


768 


350 
410 
847 
338 
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TABLE  V— Continued. 


Detailed  Results  of  Cows  Under  Experiment  for  Four  Consecutive 
Months. 


Product. 

Food  Consumed. 

Month,  Kind  of  Roughage  and  Cow 
No.  (30  days  for  each  month)  1897-98. 

Milk, 
lbs. 

Butter 
lbs. 

Grain 
lbs. 

Roughage, 
lbs. 

Total 

lbs. 

Cow  No.  29. 

709 

38.0 

360 

343 

708 

710 

34.8 

360 

354 

714 

636 

37.6 

360 

344 

704 

February— Shredded  Corn  Fodder.. 

579 

32.5 

360 

300 

660 

Total  for  2  months  on  New  Corn  Pro 

1346 

75.6 

720 

687 

1407 

Total  for  2  months  on  Hay  and  Fod- 

der    

1289 

67.3 

720 

654 

1374 

TABLE  VL 


Summary  of  Results  for  Six  Cows  (Nos.  2,  10,  11,  t8,  28,  29),  Which 
Were  Under  Experiment  for  Four  Consecutive  Months. 


Month  and  Kind  of  Roughage 
days  for  each  month). 


November — New  Corn  Product. ..... 

December— Mixed  Hay  

January— New  Corn  Product  

February— Shredded  Corn  Fodder... 

Totals  for  2  months  on  N  CP  

Total  for  2  months  on  Hay  and  Fodder 


Product. 


Milk,  nutter 
lbs.  lbs. 


4455 
3936 
3570 
8134 
8025 


208.0 
204.6 
203.7 
188.4 
411.7 
393.0 


Food  Consumed. 


Grain  Roughage  Total, 
lbs.        lbs.  lbs. 


2223 
2427 
2349 
2511 
4572 


2074 
2369 
1869 
1974 
3943 
4313 


4297 
4796 
4218 
4485 
8515 
9281 
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TABLE  VII. 


Summary  of  Results  of  all  Cows  Fed  the  New  Corn  Product,  in  Com- 
parison With  Other  Long  Feeds  (Roughage). 


Month  and  Kind  of  Roughage  (30 
days  for  each  month).  1897-8. 

Product. 

Food  Consumed 

Milk 
lbs. 

Butter 
lbs. 

I.  • 
.drain 

lbs. 

Roughage, 
lbs. 

Total 
lbs. 

Period  I. 

(CowsNo.  1,  2  3,5,7,9,10  11  18,28,29.) 
November — New  Corn  Product  

6404 
6882 

323.9 
323.6 

4023 
4213 

3679 

4308 

7702 
»521 

Period  11. 
(Cows  No.  2  3,  7.  9  10,  11,  15,  16,  18, 

19.  28  and  29.) 

8491 

7535 

391.5 
402.0 

4629 
4535 

4670 
3882 

9299 
8417 

Period  III. 
(Cows  No.  2,  4  10,  11,  12, 13,  15,  16,  17, 
18,  19.  2S  and  29.) 

January— New  Corn  Product           . .. 

February — Shredded  Corn  Plodder  .  . 

9148 

8296 

469.2 
428.9 

4923 
5178 

4149 
4199 

9072 
9377 

The  summary  for  the  six  cows  on  experiment  for  four  consecvitive 
months,  Table  6,  shows  the  new  corn  product  to  produce  more  milk 
and  butter  on  less  feed  than  the  hay  and  fodder.  In  the  hay  period  there 
was  more  milk  produced,  but  it  yielded  less  butter. 

The  summary  of  all  the  results,  as  given  in  Table  7,  shows  the 
new  corn  product  to  be  a  good  and  economical  roughage  for  milch 
cows.  In  some  cases  it  did  not  produce  as  large  an  amount  of  milk, 
but  the  yield  of  butter  was  greater  than  when  the  cows  were  fed  on 
hay  and  fodder. 

(4)    TEST  OF  SUGAR  FEED  RATION. 

In  July,  1901,  there  was  sent  to  the  Station  samples  of  a  feed 
called  "Sugar  Feed,"  which,  in  general  appearance,  seemed  to  have 
as  a  base  ground  fodder  or  hay.  The  manufacturers  claimed  that  this 
feed  was  made  up  so  as  to  serve  as  a  complete  ration  and  contained 
about  12  per  cent,  of  sugar.  The  odor  was  pleasant  and  appetizing 
and  the  taste  sweet.  From  the  fact  that  this  "Sugar  Feed"  resembled 
closely  some  of  those  which  have  been  tested  at  this  Station  using 
the  New  Corn  product  base,  it  was  decided  to  make  a  test  of  it,  so 
as  to  have  as  much  data  as  possible  on  such  a  class  of  rations. 

The  Sugar  Feed  is-made  up  of  a  mixture  of  ground  fodder,  some 
grains  and  beet  molasses,  and  showed  the  following  analysis : 
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Water 
Ash  ., 


1 1.80  per  cent. 

5.77  per  cent. 
16.97  psi"  cent. 
12.34  per  cent. 
51.25  per  cent. 

1.87  per  cent. 


Lru.l.  l-iber  

Nitrogen  Free  Extract 
Fat   


Total 


100.00  per  cent. 


This  ration,  as  nearly  as  can  be  calculated,  would  have  approxi- 
mately a  nutritive  ratio  of  i  to  6,  and  hence  would  be  fairly  well  adapt- 
ed for  feeding  milch  cows. 

In  making  the  test  of  this  feed  seven  cows  were  used.  Four  cows 
were  fed  exclusively  on  the  sugar  feed  and  three  others  used  as  check- 
cows  for  comparison.  Previous  to  entering  upon  the  test  all  the  cows 
were  receiving  the  same  ration,  which  consisted  of  a  grain  ration  made 
up  of  hominy  chop,  wheat  bran  and  gluten  meal,  with  second  crops 
grass  for  roughage.  The  grass  was  a  mixture  of  orchard  grass  and. 
clover. 

On  October  26tli  cows  Nos.  12,  36,  37  a,nd  41  were  put  on  the- 
sugar  feed  ration,  and  cows  Nos.  15,  21  and  39  continued  on  the  grain 
and  grass  ration  above  mentioned.  In  commencing  the  feeding  of  the 
sugar  feed  they  were  given  only  a  small  quantity,  and  gradually 
brought  up  to  all  they  would  eat.  The  cows  were  started  at  t.Mi  pounds 
per  feed,  twice  a  dav,  or  twentv  pounds  per  day.  No.  41  was  the  only 
cow  that  seemed  to  relisli  the  food  at  tlic  l)Ct;innin?;-.  In  six  days  cow 
No.  41  worked  up  to  tliirt\'  pounds  of  sii'>;ir  \rci\  per  (kiv.  and  then 
dropped  l)ack  to  twcntv-cight  pounds  per  day,  whicli  amount  she  con- 
tinued to  consume  daily.  Cow  No.  37  refused  the  feed  at  first,  but 
gradually  came  up  to  twenty-six  pounds  per  day.  Cow  No.  36  ate 
twenty-eight  pounds  per  day,  and  Cow  No.  12  ate  twenty-four  pounds 
per  day. 

At  all  times  all  the  cows  seemed  not  to  be  entirolv  satisfied  with 
the  ration,  and  ate  considerable  of  their  straw  bedding,  and  seemed 
anxious  to  get  at  the  feed  which  the  other  cows  of  the  herd  were  re- 


The  amount  of  food  eaten  the  week  previous  to  entering  th?  test 
and  during  the  test  by  the  two  lots  of  cows  is  given  in  Tables  i,  2- 
and  3. 

The  results  of  the  milk  yields  are  given  in  the  following  tables, 
4  and  5. 

At  the  expiration  of  sixteen  days  the  ration  of  the  two  lots  were 
reversed,  so  that  cows  Nos.  12,  36,  37  and  41  were  placed  again  on  the 
grain  a,nd  grass  ration,  and  Cows  Nos.  15,  21  and  39  were  p'aced  on 
the  suear  feed  ration.  As  in  the  previous  case,  they  were  fed  small 
quantities  at  first  and  gradually  increased.  Cow  No.  39  was  the  onlv 
one  that  took  to  the  feed.  Cow  No.  21  ate  it  only  after  mixing  it  with 
an  equal  quantity  of  grain,  and  No.  15  refused  it  entirelv,  even  thougl? 


ceivmg. 
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tried  in  every  way  for  twelve  days.  Cow  No.  39,  which  ate  the  sugar 
feed  well,  made  an  average  gain  of  two  pounds  per  day  in  her  milk 
yield. 

Cows  Nos.  15  and  21  decreased  considerably  in  their  milk  from 
lack  of  sufficient  food,  as  they  did  not  eat  well.  Cows  of  Lot  II  de- 
creased in  their  yields  an  average  of  two  pounds  per  day  when  changed 
from  the  sugar  feed  back  to  the  grain  and  grass  ration. 


TABLE  I. 

Feed  Eaten  by  Cows  in  the  Test  the  Week  Before  Giving  Sugar 
Feed. 


Cows  fed  grass 

Total 

Total 

Grass 

Grain 

throughout, 

Grass, 

Grain, 

per  day, 

per  day, 

Cow  No. 

lbs. 

lbs. 

lbs. 

lbs. 

Lot  I. 

15 

234 

84 

32 

12 

210 

70 

30 

10 

39 

210 

70 

30 

10 

Lot  n. 

Cow  fed  Sugar 

feed  test. 

12 

210 

56 

30 

8 

86 

210 

-JO 

30 

10 

37 

210 

70 

30 

10 

41 

210 

70 

30 

10 

TABLE  2. 

Grass  and  Grain  Given  to  Three  Cows  During  the  Test  (Duration  of 
Test,  16  Days). 


Total 

Total 

Grass 

Grain 

Cow  No. 

Grass, 

Grain, 

per  day, 

per  day, 

lbs. 

lbs. 

lbs. 

\h». 

Lot  11. 

15 

597 

234 

37 

14.6 

21 

579 

178 

11.0 

HQ 

.597 

ICO 

10.0 
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TABLE  3. 
Sugar  Feed  Fed  to  Four  Cows  in  Test. 


Cow  No. 

Total  Sugar  Feed  Eaten, 
lbs. 

Sugar  Feed  Eaten 
per  day.  lbs. 

Lot  II. 

12 

392 

24.6 

36 

448 

28.0 

37 

416 

2().0 

41 

4.59 

23.0 

TABLE  5. 

Records  of  Cows  in  the  Experiment  Receiving  Sugar  Feed. 


Cow 
No. 

Milk  given  in 
7  days  before 
test.  lbs. 

Milk  given  in 
16  days  of  test, 
lbs. 

Average  daily 
yield  before 
test.  lbs. 

Average  daily 
yield  last  10 
days  of  test.  lbs. 

Lot  II. 

12 

04.9 

266.5 

13.5 

17.6 

36 

113.8 

282.9 

16.3 

18.0 

37 

99.2 

260.9 

14.2 

16.9 

41 

132.5 

341.7 

18.9 

22.1 

Averaee    I  I  ....   I         15.7   ix.6 


Gain  in  favor  of  sugar  feed  per  day       2.9 

TABLE  4. 


Record  of  Check  Cows  Receiving  Grass  and  Grain. 


Lot  I. 

15 

150.5 

396.2 

21.5 

2'i.O 

21 

102.0 

221.  7 

14.7 

14.2 

39 

114.8 

253  ."1 

16.4 

16.0 

17.5 

18.7 





Gain  per  day  of  tests     1.2 


CONCLUSION. 

Considering  the  fact  that  all  of  the  cows  that  ate  the  sugar  feed 
well  made  a  gain  in  the  milk  yield,  and  those  cows  which  were  eating 
it  well  dropped  back  in  the  milk  yield  when  the  sugar  feed  was  dis- 
continued, it  would  seem  that  this  feed  had  considerable  value  as  a 
food  for  cows,  and  was  capable  of  serving  as  a  complete  ration.  The 
fact  that  the  cows  ate  it  poorly  at  first,  and  some  cows  refused  it  en- 
tirely, cannot  be  taken  as  having  much  importance,  one  way  or  the 
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Other,  in  determining  the  true  value  of  a  food  from  the  fact  that  appe- 
tite for  many  things  with  cows,  as  with  people,  depends  upon  an  ac- 
quired taste,  and  the  more  highly  cows  are  fed  the  more  reluctant  they 
are  to  take  kindly  to  radical  changes  in  rations,  particularly  if  the  ac- 
customed feeds  are  still  in  sight  and  being  fed  to  some  cows  in  the 
stable. 


PROTEIN. 

Can  Dairymen  Produce  the  Necessary  Protein  Feeds  Profitably  on 
Their  Own  Farms?* 

There  is  no  question  which  is  of  so  much  importance  to  the  dairy 
farmer  as  the  proper  feeding  of  his  cows  so  as  to  obtain  not  only  the 
greatest  amount  of  product,  but  also  to  procure  that  product  at  the 
least  cost  per  pound.  The  progressive  dairyman  has  come  to  recognize 
that  protein  is  a  necessary  constituent  to  accomplish  this  end.  At 
first  it  seemed  a  simple  matter  to  turn  to  the  markets  and  purchase 
the  protein  which  the  home-grown  feeds  did  not  furnish.  But  even 
under  the  most  favorable  condition  of  purchasing  protein  the  amount 
paid  out  for  feed  represents  a  large  percentage  of  the  gross  income, 
which  must  materially  cut  down  the  profits.  In  this  day,  when  the 
demand  for  this  class  of  feeds  has  largely  increased,  both  for  foreign 
and  home  consumption,  and  the  price  of  our  products  relatively  less^ 
it  has  become  a  very  important  and  lively  subject  to  co  i-i  ler  how  the 
amount  of  protein  required  can  be  produced  on  each  and  every  farm. 
Not  onlv  is  it  necessary  to  find  out  the  crops  that  can  be  grown  so  as 
to  furnish  the  renuired  protein,  bnt  it  i-  ri'-M  e-;^cnh'-»l  to  determ.ine  the 
crops  which  will  furnish  this  protein  profitably  and  most  economically. 
The  question  of  the  home  production  of  protein  is  much  more  import- 
ant for  the  eastern  dairyman  than  for  his  western  brother,  from  the 
fact  that  protein  feeds  are  much  cheaper  in  the  west  than  the  east, 
which,  tos^ether  with  the  fact  of  its  alwavs  beinp-  chean-^r  to  market  a 
finished  product  rather  than  the  rav;  materials,  places  the  already  keen 
competition  between  the  eastern  and  western  dairy  products  still  more 
to  the  advantage  of  the  west.  This  fact  is  also  true  as  to  the  produc- 
tion of  all  classes  of  animal  products. 

There  is  no  doubt  that  the  Home  Production  of  Protein  is  the 
pertinent  question  of  the  day  for  the  eastern  dairyman  and  stockman. 
How  to  answer  this  question  and  solve  the  vprious  problems  connect- 
ed therewith  are  more  or  less  difficult,  and  will  require  each  person  or 
community  to  make  some  individual  calculations  and  modifications 
of  anything-  that  might  be  said  in  this  connection,  vet,  it  may  be  pos- 
sible to  make  some  suggestions  at  this  time  that  will  aid  or  point  the 

•Thi.s  Is  a  svnopsls  of  a  talk  upon  this  subiwt  which  has  l)*mi  eWen  at  a  number 
of  farmpr  mp'ptincrs.  and  Is  pn1ill<!hp<1  in  this  c->nTif'itioii  n  order  to  supply  the  numer- 
ous requests  whch  have  been  marie  for  copies  of  the  same. 
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way  to  some  in  making  a  satisfactory  solution  of  the  present  diffi- 
culties. 

For  an  intelligent  consideration  of  this  question  turn  to  the  fig- 
ures given  in  Table  i,  and  study  the  various  crops  which  are  com- 
monly raised  on  the  farm,  and  see  how  much  protein  is  being  pro- 
duced, and  then  turn  to  those  crops  which  are  not  commonly  grown, 
but  which  may  be  adopted  on  the  farm  in  question,  and  calculate  how 
V.  would  be  best  to  proceed  to  produce  that  which  is  required. 

By  observing  the  nutritive  ratios  in  the  two  parts  of  Table  i, 
it  will  be  seen  that  those  in  part  i,  with  the  exception  of  the  ratio  for 
clover,  hay  and  oats,  are  wider  than  the  requirements  of  a  standard 
ration,  and  also  that  it  would  be  impossible  to  make  a  combination  of 
the  crops  in  part  i,  so  as  to  furnish  the  required  relation  of  the  pro- 
tein and  carbohydrates.  The  crops  in  part  2  have  relatively  narrow 
ratios,  and  can  be  used  for  making  balanced  rations,  as  is  manifested 
by  a  study  of  the  illustrations  given  in  Tables  II  and  III. 

There  are  numerous  other  crops  that  might  be  included  in  the  es- 
timates and  combinations,  which  are  not  given  in  Tables  I  and  II,  but 
these  will  serve  to  point  the  way.  hor  instance,  those  sections 
which  are  further  north,  and  not  well  adapted  to  cow  peas,  might  sub- 
stitute the  Canada  pea.  In  this  connection  be  it  remembered  that  cow 
peas  are  really  beans,  and  belong  properly  to  the  bean  family,  and  arc 
hot  weather  crops.  For  best  results  thc\-  should  not  be  planted  until 
the  ground  is  thoroughly  warm  (after  June  ist),  and  they  will  be  killed 
ofif  with  the  first  frosts  of  the  fall.  The  Canada  pea  is  a  cool  weather 
plant,  and  can  be  planted  very  early  in  the  spring,  as  oats  and  barley, 
but  it  is  impatient  of  ho^t,  dry  weather,  and  hence  not  adapted  to  the 
south. 

Often  considerably  more  forage  can  be  grown  to  the  acre  by  com- 
bining some  of  the  legumes  with  a  cereal,  for  example,  Canada  peas 
and  oats ;  Canada  peas  and  barley ;  winter  oats  or  barley  and  winter 
vetch  ;  winter  vetch  and  wheat ;  cow  peas  and  sorghum  ;  cow  peas  and 
corn ;  cow  peas,  corn  and  nn'llet.  All  of  these  combinations  have  been 
used  in  difYerent  sections  with  excellent  results. 

In  Table  II  are  given  some  sample  rotations  which  might  be  sug- 
gestive as  to  the  ways  in  which  rotations  conmion  to  parts  of  tliis  State 
might  be  modified,  so  as  to  better  meet  the  requirements  of  dairy 
farms.  Rotation  "A"  is  one  that  is  used  in  part  at  this  Station  quite 
satisfactorily,  and  our  experiments  indicate  it  could  be  used  as  a  whole. 
This  rotation  to  some  is  objectionable,  as  it  requires  frequent  plowing, 
and  thus  incurs  considi?rablo  expense  for  labor.  Supplementing  the 
rotations,  as  shown  in  "B,"  "C"  and  "D,"  Table  II,  with  alfalfa,  it  will 
be  seen,  is  a  very  effective  means  of  furnishing  the  required  protein, 
and  does  not  necessitate  any  more  plowing,  but  really  less,  than  at 
present.  These  schemes  would  make  it  necessary  to  put  from  one- 
fifth  to  one-seventh  of  the  land  devoted  to  crops  for  feeding  the  dairy 
down  to  alfalfa.  Alfalfa,  when  once  established,  will  stand  for  six  to 
ten  years.    Results  of  tests  thus  far  seem  to  indicate  that  alfalfa  can 
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be  successfully  grown  in  most  parts  of  this  State,  and  that  during  Aug- 
ust or  the  first  of  September  is  the  proper  time  for  seeding. 

From  the  digestion  and  feeding  experiments  which  have  been 
conducted,  it  has  been  found  that  the  protein  of  alfalfa  hay  can  be  used 
as  a  substitute  for  wheat  bran,  and  cow  peas  will  answer  nearly  as  well 
as  the  alfalfa. 

It  will  be  noted  that  the  rotations  as  given  in  Table  II  will  fur- 
nish enough  feed  of  a  balanced  character,  according  to  the  Western 
Standard,  to  maintain  a  cow  on  from  one  and  one-half  to  two  acres. 

The  yields  outHned  herewith  in  Tables  I  and  II  are  only  such 
as  would  be  considered  fair  and  satisfactory.  Many  farmers  are  pro- 
ducing much  more.  The  ideal  in  dairying  of  maintaining  a  cow  on  one 
acre  means  that  this  must  be  done  to  a  large  extent  by  increasing  the 
yields  and  using  the  combinations  which  have  been  suggested.  The 
value  of  the  leguminous  crops  for  gathering  of  nitrogen  and  mining  of 
subsoil  fertility  must  not  be  overlooked  in  the  matter  of  the  economical 
procuring  of  protein,  and  is  an  additional  argument  for  introducing 
these  crops  in  the  farm  rotations. 

Cost  of  Producing  vs.  Buying  of  Protein. 

From  the  figures  and  discussions  in  the  preceding  pages  it  is  very 
evident  that  the  necessary  protein  can  be  produced  on  the  farm ;  but 
this  is  only  one  phase  of  the  question,  and  still  leaves  the  question 
of  the  cost  of  production  for  consideration. 

An  examination  of  Tables  I  and  III  will  show  that  one  acre  of  cow 
peas  will  produce  about  as  much  digestible  protein  as  is  furnished  by 
two  tons  of  wheat  bran,  which  would  make  the  product  of  one  acre  of 
cow-pea  hay  worth  $35.00  on  the  basis  of  the  present  market  value  of 
bran  ($20.00  per  ton).  The  cost  of  producing  one  acre  of  cow-pea  hay 
would  vary  from  $10.00  to  $15.00. 

One  acre  in  alfalfa  would  yield  the  equivalent  $80.00  worth  of 
protein  if  purchased  in  wheat  bran  or,  in  other  words,  a  five-acre  field 
of  alfalfa  would  yield  as  much  protein  as  is  purchased  in  a  20-ton 
carload  of  wheat  bran.  Of  course  protein  can  be  purchased  cheaper 
in  cottonseed  meal,  linseed  meal,  and  gluten  meal  than  in  wheat 
bran,  but  even  with  these  protein  can  be  produced  by  alfalfa  or  cow 
peas  at  about  one-half  their  cost. 

These  figures,  together  with  the  fact  of  the  leguminous  crops 
being  soil  improvers,  and  that  they  can  be  grown  often  as  catch  crops 
between  the  regular  crops,  leave  but  little  doubt  as  to  the  wisdom  and 
profit  of  the  home  production  of  protein.  It  may  be  that  some  of 
these  most  promising  crops  are  not  adapted  to  individual  conditions, 
yet  there  are  some  crops  rich  in  protein  adapted  to  each  and  every 
condition,  and  the  margin  of  profit  is  large  enough  to  warrant  all  in 
searching  for  the  crops  that  can  be  grown  and  then  producing  the 
required  protein  at  home. 
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Protein  in  Pastures. 

Much  might  be  contributed  towards  feeding  dairy  cattle  by  the 
improvement  of  the  permanent  pastures.  Almost  every  farm  has  a 
smiall  area  that  would  be  more  profitable  for  a  permanent  pasture 
than  for  cultivated  crops.  On  such  areas  it  would  pay  well,  for  the 
trouble  and  expenses,  if  they  were  well  prepared  and  set  to  crops 
adapted  for  pasture  purposes.  There  are  numerous  grasses  and  some 
legumes  that  are  specially  adapted  for  pasture  purposes,  and  which 
are  of  little  value  for  hay  purposes. 

The  grasses  especially  adapted  for  pastures  will  stand  the 
tramping  and  cropping  to  which  they  are  subjected,  and  every  one 
knows  how  soon  a  clover  and  timothy  sod  gives  out  under  such  treat- 
ment. Among  the  grasses  best  adapted  for  pasture  purposes  in  most 
of  this  State  might  be  mentioned  the  following:  Kentucky  blue  grass, 
Rhode  Island  bent,  Red  top  and  Orchard  grass.  These  should  be 
supplemented  at  time  of  seeding  with  a  Hberal  amount  of  white  clover 
and  some  alsyke  and  red  clover.  In  some  sections  the  Japan  clover 
will  be  found  to  do  well  and  is  a  valuable  addition.  The  Japan  clover 
is  an  annual  which  will  seed  itself  from  year  to  year. 

What  Feeds  on  the  Market  are  the  best  Sources  of  Protein. 

Some  farmers  may  be  so  located  that  it  will  be  necessary  to 
supplement  the  home  grown  feeds.  In  such  cases  the  question  arises, 
"What  shall  be  purchased?"  On  most  farms  there  is  generally  an 
abundance  of  the  feeds  rich  in  carbohydrates,  and  it  is  desired  to  buy 
those  which  can  be  used  to  best  advantage  in  balancing  the  dairy 
ration.  Under  such  circumstances  it  will  generally  be  found  that  to 
purchase  the  most  concentrated  protein  food  compatible  with  price 
is  best. 

The  figures  given  in  Table  III  show  that,  at  the  present  market 
conditions,  protein  can  be  procured  cheapest  in  cottonseed  meal.  The 
next  source  is  gluten  meal  and  the  most  expensive  source  is  the  one 
most  commonly  depended  upon  by  farmers ;  namely,  wheat  bran. 

Table  III  will  serve  to  make  calculations  when  market  condi- 
tions change. 

Very  often  farmers  desire  to  purchase  protein  feeds  in  quantity 
and  do  not  care  for  more  than  one  kind,  and  desire  something  that 
can  be  used  for  all  classes  of  stock.  In  such  cases,  cottonseed  meal 
would  not  be  advisable  as  it  could  not  be  used  for  hogs,  chickens  or 
horses. 

Increasing  the  Supply  of  Protein  by  Plant  Breeding. 

The  most  recent  experiments  in  plant  improvement  by  breeding 
and  selection  indicates  that  a  great  deal  can  be  done  towards  increas- 
ing the  supply  of  protein  by  increasing  the  percentage  of  protein  in 
the  crops  raised  on  the  farm.  It  is  well  known  that  special  qualities 
in  animals  have  been  produced  by  selection  and  breeding.    Plants  are 
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not  unlike  animals  in  thfs  respect,  and  if  the  same  laws  are  observed 
the  future  will  find  distinct  breeds  or  types  of  our  various  crops  pos- 
sessing special  characteristics  as  to  the  relative  amounts  of  the  valu- 
able constituents. 

What  may  be  accomplished  by  plant  breeding  is  well  illustrated 
by  the  improvements  made  in  the  sugar  content  of  the  sugar  beet, 
sorghum  and  sugar  cane.  In  Table  IV^  is  exhibited  what  might  be 
expected  as  the  ultimate  outcome  of  plant  improvement  by  selecting 
and  breeding,  if  the  highest  types  of  which  there  is  knowledge  were 
to  be  used  as  a  basis.  From  tnis  table  it  will  be  seen  that  tnere  are 
great  possibilities  even  with  those  crops  which  have  been  commonly 
raised  on  the  farms  of  this  State  for  years.  From  present  indications 
the  corn  plant  presents  not  only  the  easiest  subject  for  improvement, 
but  also  seems  to  possess  the  greatest  possibilities. 

It  must  be  remembered  that  when  the  protein  content  of  the  crops 
is  increased  the  carbohydrates  are  diminished  proportionately;  con- 
sequently the  nutritive  ration  is  narrowed,  and  with  the  full  realiza- 
tion of  the  facts,  as  set  forth  in  Table  IV,  there  would  be  no  difficulty 
in  balancing  a  ration  with  the  ordinary  products  of  the  farm.  It  is 
essential  that  every  farmer  who  expects  to  keep  pace  with  the  times 
and  be  able  to  cope  with  the  competition  of  the  future,  should  start  at 
once  upon  the  improvement  of  the  breed  of  his  crops,  especially  of  the 
corn  crop,  with  more  protein  for  the  goal. 

There  has  been  fifty  samples  of  corn  submitted  to  this  Station  for 
analvsis  by  farmers  who  are  taking  up  the  question  of  breeding  up  the 
corn  crop.  These  samples  showed  a  range  of  from  8  to  12.5  per  cent, 
of  protein,  which,  with  a  ten-barrel  crop,  would  be  equivalent  to  a 
range  of  one  hundred  and  fiftv-seven  pounds  of  protein  per  acre.  Crops 
cannot  be  improved  at  one  place  for  all,  but  will  have  to  be  done  in 
different  sections,  so  as  to  have  the  crop  adapted  to  the  various  climatic 
and  soil  conditions. 

Improvement  of  the  crop  will  necessitate  the  improvement  of  the 
soil,  and,  in  fact,  a  rich  soil  will  have  much  influence  in  bnnging  up 
the  protein  content  of  the  crop,  and  this  will  be  another  reason  for 
availing  of  the  value  of  the  leguminous  crops  as  agents  for  soil  im- 
provement. 

Sample  Rations. 

In  Table  V  are  given  some  sample  rations,  which  serve  to  show 
how  much  leguminous  crops  as  alfalfa  and  cow  peas  can  be  tised  in 
making  balanced  rations,  and  they  illustrate  their  advantage  over  the 
common  crops  of  the  farm,  which  an  examination  of  the  table  shows 
are  deficient  in  protein,  and  need  to  be  supplemented  by  some  of  the 
rich  by-products.  ,    ,    ,     ,  , 

In  furnishing  an  abundance  of  protem  feeds  the  farmer  has  ac- 
complished much  in  the  way  of  improving  the  yield  of  animal  pro- 
ducts, but  must  not  rest  easy  or  think  that  this  is  all-sufficient,  but  re- 
member that  there  is-much  truth  in  the  adage,  "The  eye  of  the  master 
fattens  hi';  cattle." 
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T3 

Yield  Per  Acre. 

Part  I. 
Crops  Commonly  Raised. 

Fair  Average 

Yiel 

Per  Cent.  Prote 

Total  Protein, 
lbs. 

Digestible 
Protein,  lbs. 

Digestible 
Carbohydrates 
(fat  X  3i)  lbs. 

Nutritive  Ratio. 

j  11)  bbls... 

8.5 

238 

](;7 

1  505 

1:15.0 

/  8  00  lbs... 

:iooo  lljs.. . 

3.8 

lit 

(U 

1.1  r.2 

1:18.0 

231 

2,t57 

Barley  (Straw)  

( 40  bush  . . 

]  mo  lbs... 

:5(I00  Ujs..  . 

12.4 
3.5 

238 
105 

193 
43 

1,544 
1,377 

1:78.0 
1:33.8 

235 

a,b3f 

Oats  (Grain)  

i  50  bush. . 

11.8 

189 

155 

899 

1  320 

1:5.8 
1.33.0 

Oats  (Straw)  

]  1600  lbs... 
2500  lbs... 

4.0 

100 

lv)5 

2,219" 

Wheat  (Grain)   . 

Wheat  (Straw)  

I  25  Vuish . 

I  1500  lbs.. . 
27(10  lbs.. . 

11.8 
3.4 

177 

82 

136 
33 

1  346 
3,161 

1:9.9 
1:65.5 

lb9 

3 '507 

Timothy  Hay  .   

2  tons  . . 
2  tons  . . . 

33  S 
324 
4^'3 

111 
1h3 

1  798 
1  814 
1  710 

1:16.3 
1:  9.4 
1:  6,0 

Orchard  Grass  Hay 

Red  Clover  Hay     

5.9 
8.1 
12  3 

Part  11. 
Crops  Not  Commonly  Raised 
in  this  Section. 

Cow  Peas  (Green)  

Cow  Peas  (Hay)  

10  tons .  .  . 
2  tons .  . . 

16.6 
20.8 

664 

350 

725 
510 
1.144 

433 

307 

515 
465 
834 

1,648 
679 

2,311 
805 
3.37R 

1:  3.8 
1:33. 

1:  1.7 
1:  4.1 

(  20  bush. . 

Alfalfa  Hay   

/  1200  lbs... 

«  tons  

2i  tons. . 

^  35  bush. 

]  1500  lbs.. 
4  tons 

14.5 
31.0 

14.3 
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TABLE  2 — Protein  Yields  of  Sample  Rotations. 

(One  Acre  in  Each  Crop.) 
ROTATION  A.  ROTATION  B. 


1  Corn  and  Fodder... 

o  I  C.    Clover  Hay... 

^   I  C.    Pea  Hay  

3  Winter  Barley  

4  Clover  Hay  


Total  Rototion. 


Nutritive  Ratio  of  Ra- 
tion 1:7.0. 


231 
285 

235 
285 


1,574 


2,657 
1,710 
2,050 
2,921 
1,710 

11  056 


V  ■ 

igestible 
arbohydrai 
id  Fat,  lb: 

igesti 
oteir 

Poh 

QU  ^ 

2  Wheat  

231 
136 
235 

2,K57 
1,346 
1.710 
l,7rf8 

4  Timothy  

111 

Nutritive  Ratio  

Supplem'td  by  Alfalfa 

763 
1:9.8 
824 

7,611 
3.378 

Nutritive  Ratio  1:6.86. 

1,587 

10,889 

ROTATION  C. 


ROTATION  D. 


1  Corn  

2  Oats  

3  Wheat  (Sold) 

4  Clover  

5  Timothy  


Nutritive  Ratio  1:10.: 
Alfalfa: 


Nutritive  Ratio  1:7.1 


231 
195 


285 
111 


2,657 
2,219 


1,710 
1,798 


3,378 
11.762 


1  Corn   

'A  Oatfl  

'A  C.  Fea  Hay. 

3  Wheat  (Sold)...., 

4  Clover  

5  Timothy  


Supplem'ted  by  Alfalf; 
Nutritive  Ratio  1:6.4. 


^31 

2,657 

97 

1,110 

269 

1,029 

285 

1,710 

111 

1,798 

824 

3.378 

1,817 

ll,6b2; 

This  would  give  enough  feed  to  keep  two  cows  for  one  year,  feed- 
ing them  on  the  basis  of  two  pounds  of  protein  per  day  each,  which 
would  be  the  equivalent  of  one  cow  to  each  two  acres. 

In  Rotation  C  and  D  the  wheat  and  one  crop  of  timothy  are  not 
included  in  the  calculations  of  the  ntitritive  values,  but  permits  of  these 
crops  being  sold,  as  is  the  usual  custom. 
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TABLE  3 — Principal  Protein  Feeds  on  Our  Markets. 


.S 

B  ■ 

6 

cent.  Prot 

al  Protein 

estible 
rotein  lbs 

estible 
arbohydra 
at  X  2i)  lb< 

ritive  Rati 

V 

o 

3 

pH 

h 

O 

(5 

•z 

42 

840 

761 

874 

1:1.2 

Linseed  Meal  (New  Process) 

39 

780 

663 

898 

1:1.6 

Linseed  Meal  (Old  Process). 

3B 

720 

640 

970 

1:1.7 

88 

760 

669 

1,450 

1:1.9 

25 

500 

430 

1,266 

1:3.4 

24 

480 

384 

806 

1:2.2 

24 

480 

r79 

942 

1:3.0 

Buckwheat  Middlings  

'28 

560 

460 

1,010 

1:2.2 

Wheat  Bran  

16 

320 

250 

908 

1:3.9 

16 

320 

260 

1,220 

1:4.8 

TABLE  4 — Showing  Means  of  Increasing  Yield  of  Protein  by  Crop 
Improvement. 

(Average  Yield  Per  Acre.) 


Per  cent. 

of 
Protein. 


Total 
Protein 
per  Acre, 
lbs. 


50  bush.  Corn,  average  Protein.  . 

50  bush.  Corn,  high  in  Protein   

60  bush.  Oats,  average  Pro'ein  

50  bush.  Oats  high  in  Protein..  

40  bush.  Barley,  average  Protein  

40  bush.  Barley,  high  in  Protein  

25  bush.  Wheat,  average  Protein.. 
25  bush.  Wheat,  high  in  Protein 
2  tons  Clover  Hay,  average  Protein. 
2  tons  Clover  Hay.  high  in  Protein . . 
21  tons  Cow  Peas,  average  Protein. 
2|  tons  Cow  Peas,  high  in  Protein  . . 

4  tons  Alfalfa,  average  Protein  

4  tons  Alfalfa  high  in  Protein  


8.5 
14.0 
11.8 
14.4 
12.4 
15.7 
11.8 
16.6 
12.3 
20.5 
16.6 
20.0 
14.3 
20.3 


298 
490 
189 
230 
238 
301 
177 
249 
492 
820 
830 
1,000 
1,144 
1  624 


154  MARYLA.VD  AGRICULTURAL  EXPERIMENT  STATION. 

TABLE  5 — Dairy  Feeding  Standards  and  Some  Sample  Rations. 


Protein,  Carbohy-  Nutri 
lbs.    \    drates  live 


German  Standard  Ration  ... 
Wisconsin  Estimated  Ration  . 


May  and  June  Pasture  Grass 


Corn  and  Cob  Meal 
Alfalfa  Hay  


Corn  Meal. . 
Clover  Hay 


Cream  Gluten  Meal. 


Corn  Meal... 
Cow  Pea  Hay. 


Corn  and  Cob  Meal. 
Cow  pea  hay  


Corn  Silage   

Clover  hay  

Gambrill's  Middlings. . 


Brewers  Grains  25%. 


Corn  Silage. . . 
Corn  Fodder. 
Cow  pea  hay. 
Wh<rat;bran  . 
Gluten  Meal. 


Corn  and  Cob  Meal 

Wheat  bran   . . . 

Gluten  Meal   


Corn  Fodder  

2  lbs.  More  of  Above  Grain  Mixture. 


Corn  Silage  

Corn  Fodder.  

2  pts.  Wheat  Bran 

3  pts.  Gluten  


Quantity 


10  lbs . 
15 


.44 
1.65 


2.09 
..53 
1.02 


1.55 

2  19 

53 
1.40 


1.93 
.53 
1.40 


1.45 
.79 


1.89 
.22 
37 
.64 


1.61 
.25 

1.86 
.36 
.09 

1.40 


13.4 
14.9 


6.65 
6.34 


12.99 
5.91 
5.94 


11.85 
1.45 


13.30 
5.41 
5.76 


11.67 
7.98 
5.76 


13.74 
3.87 
2.38 
3.64 
9.89 
1.91 


11.80 
3.87 
2.94 
1.92 
1.36 
1.45 


11.54 
3.82 
1.36 
1.45 


6.13 
5.60 


11.73 
1.22 


12.75 
5.16 
1.75 
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THE  FEEDING  OF  FARM  ANIMALS. 

PRINCIPLES  OF  ANIMAL  NUTRITION;  COMPOSI- 
TION AND  DIGESTIBILITY  OF  FOODS ;  ACCESSORY  CON- 
SIDERATIONS IN  FEEDING;  SOME  RATIONS  FOR  DIF- 
FERENT FARM  ANIMALS;  COMPUTING  RATIONS  FOR 
FARM  ANIMALS;  TABLES  SHOWING  THE  COMPOSITION, 
DIGESTIBILITY  AND  FERTILIZING  PROPERTIES  OF 
STOCK  FOODS. 


INTRODUCTION. 

In  presenting  this  appendix  upon  the  feeding  of  farm  animals,  it 
is  not  intended  to  present  any  new  facts,  and  the  writer  makes  no 
claims  for  originality ;  but  the  matter  is  presented  at  this  time,  and  in 
this  form,  because  of  the  great  interest  which  is  being  manifested  in 
this  subject,  and  because  of  the  constant  and  increasing  demand  which 
is  being  made  upon  the  Station  for  information  along  these  lines. 
While  many  experiment  stations  have  issued  bulletins  upon  this  sub- 
ject, yet,  the  numbers  which  are  available  for  distribution  in  this  State 
are  limited.  The  information  set  forth  in  the  bulletins  of  other  States 
and  of  the  United  States  Department  of  Agriculture  has  been  liberally 
drawn  upon  in  the  preparation  of  this  portion  of  this  bulletin ;  yet, 
special  attention  has  been  given  to  collating  such  facts  and  putting 
them  in  such  shape  as  to  make  the  matter  particularly  applicable  to 
the  food  supply  and  climatic  conditions  prevailing  in  Maryland. 

OBJECTS  OF  FEEDING. 

The  objects  in  feeding  farm  animals  may  be  summarized  under 
the  following  heads : 

1.  To  supply  the  materials  for  growth  and  development. 

2.  To  supply  the  material  for  maintaining  the  bodily  functions 
and  heat. 

3.  To  supply  the  materials  to  repair  waste  and  wear. 

4.  To  supply  materials  to  reproduce  young. 

5.  To  supply  materials  for  force  and  energy  for  muscular  labor. 

6.  To  supply  materials  for  the  growth  and  secretion  of  various 
products. 

Any  food  fed  in  excess  of  the  requirements  for  the  particular  ob- 
jects sought  will  be  either  stored  in  the  body  as  a  reserved  force,  or 
when  conditions  are  such  as  to  prevent  sucii  storage  then  there  will  be 
waste.  From  these  facts  it  will  be  apparent  that  for  the  maximum 
utilization  of  food  it  is  necessary  to  have  a  good  understanding  of  the 
composition  of  animals  and  their  products  and  the  compositions  and 
functions  of  food,  so  that  they  may  be  mutually  handled  for  the  great- 
est and  most  economical  results. 
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COMPOSITION  OF  ANIMALS  AND  ANIMAL  PRODUCTS. 

The  animal  body  and  animal  products  are  made  up  of  a  large 
number  of  substances  of  more  or  less  coniplex  compositions ;  but  for 
use  in  preparing  rations  they  may  be  considered  and  grouped  under 
five  heads. 

1.  Water. — This  is  one  of  the  principal  ingredients  of  the  animal 
body,  amounting  to  from  forty  to  sixty  per  cent,  of  the  weight  of  the 
live  animal.  This  ingredient  also  represents  a  large  percentage  of  all 
animal  products,  as,  for  instance,  milk  contains  82  to  90  per  cent. 

2.  Ash  or  Mineral  Matters. — These  amount  to  from  two  to  five 
per  cent,  of  the  weight  of  the  live  animal.  Their  presence  is  most  evi- 
dent in  the  bones,  but  they  exist  in  small  quantities  in  all  parts  of  the 
body,  and  are  just  as  essential  as  any  other  ingredient. 

3.  Protein. — This  is  a  name  given  to  an  important  group  of  sub- 
stances of  which  white  of  an  egg  or  lean  meat  are  good  examples. 
Protein  contains  about  sixteen  per  cent,  of  the  element  nitrogen,  the 
other  three  groups  containing  no  nitrogen  whatever.  The  organic 
part  of  the  bones,  the  ligaments  and  muscles  which  bind  together  and 
move  the  bones,  the  skin,  the  internal  organs,  the  brain,  the  nerves, 
in  short  the  whole  workins:  machinery  of  the  body  are  made  up  largely 
of  protein.  This  group  of  substances  is  of  great  importance,  and  par- 
ticular attention  is  necessary  to  supply  sufficient  of  it  in  the  animal 
food ;  particularly  to  young  and  growing  animals  and  to  milch  cows. 
The  casein  or  cheesy  part  of  milk  is  largely  made  up  of  protein. 

4.  Fat. — This  term  needs  no  special  explanation.  The  amount 
of  fat  in  the  body  will  vary  greatly,  but  is  seldom  below  six  or  above 
thirty  per  cent.    Milk  contains  from  three  to  six  per  cent,  of  fat. 

5.  Carbohydrates. — In  animal  products  there  is  a  fifth  class  or 
group  of  substances  represented  by  the  sugar  in  milk.  This  corres- 
ponds with  the  carbohydrates  group  in  feeds. 

COMPOSITION  OF  FEEDS. 

In  feeding  stuffs  we  find  the  same  groups  of  ingredients  which  we 
do  in  animals  and  animal  products.  The  individual  substances  which 
make  up  these  groups  differ  more  or  less  from  those  found  in  the 
body  of  the  animals,  but  in  this  connection  these  differences  may  be 
regarded  as  of  comparatively  little  importance. 

The  following  statements  concerning  fodder  analyses  may  be  an 
aid  in  understanding  the  tables.  The  analysis  of  any  plant  or  animal 
substance  \vith  reference  to  its  use  as  a  cattle  food  does  not  go  so  far 
as  to  determine  the  percentage  of  every  single  ingredient  in  the  ma- 
terial analvzed,  but  onlv  aims  to  learn  the  percentage  of  certain  classes 
of  compounds,  the  niembers  of  each  class  having  a  close  resemblance 
in  composition  and  in  nutritive  efYect.  Thus  we  may  have  in  all  fodder 
tables  serveral  figures  headed  bv  the  following  terms :  Water,  crude 
ash,  crude  protein,  crude  fiber,  nitrogen-free  extractive  matter  (some- 
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times  called  carbohydrates),  and  crude  fats.  As  these  terms  are  in 
constant  use  in  all  agricultural  literature,  they  are  briefly  explained, 
as  seems  necessary  in  order  to  show  their  relation  to  animal  nutrition. 

Water  or  Moisture. — This  is  determined  by  the  loss  of  weight 
which  takes  place  when  the  substance  is  dried  for  some  time  at  a  tem- 
perature slightly  above  that  of  boiling  water.  The  substance  remain- 
ing, after  driving  off  all  the  water,  is  the  dr>'  or  water  free-substance. 
Water  in  cattle  foods  has  no  nutritive  value  above  water  that  an 
animal  drinks,  but  its  presence  often  has  a  marked  influence  upon 
the  palatability  and  digestibility  of  feeding  stuffs. 

Crude  Ash. — This  is  the  residue  which  remains  after  burning, 
and  is  composed  of  the  mineral  constituents  of  the  plant.  It  is  called 
crude  because,  as  it  is  usually  determined,  it  contains  some  charcoal, 
sand  and  carbonic  acid,  which  do  not  belong  to  the  real  mineral  sub- 
stance of  the  plant.  The  amount  of  ash  in  plants  is  influenced  to  a 
marked  degree  by  their  age  and  conditions  of  growth,  such  as  man- 
uring, locality,  etc.  The  mineral  compovtnds  of  cattle  foods  fill  an 
important  place  in  furnishing  the  material  for  building  up  the  bony 
framework  of  the  animal. 

Crude  Protein. — This  is  a  collective  term,  including  (all  the  nit- 
rogenous constituents  of  plants,  and  is  made  up  of  two-  general  classes 
of  compounds:  first  the  "albuminoids,"  .which  in  a  general  way  re- 
semble (in  composition  and  properties),  lean  meat  or  the  white  of  an 
egg;  second,  "amides,"  which  exist  most  abundantly  in  fodder  or  root 
crops,  resemble  the  albuminoids  in  containing  nitrogen,  and  were 
formerly  confounded  with  them,  but  difl:er  in  being  soluble  in  water 
and  having  a  different  nutritive  value.  The  flesh,  tendons,  ligaments, 
internal  organs,  brain,  nerves,  skin,  and  in  fact  all  the  working  machin- 
ery of  the  animal  body,  are  mainly  composed  of  albuminoids. 

Crude  Fibre  signifies  the  woody  portion  of  the  plant.  This  is 
to  a  considerable  extent  digestible. 

Nitrogen  Free  Extract. — This  includes  all  the  organic  compounds 
of  the  plant  containing  no  nitrogen  except  crude  fat  and  crude  fibre. 
The  principal  members  of  this  class  being  starch  and  sugar,  has  caused 
the  term  carbohydrates  to  be  sometimes  used. 

Crude  Fat. — This  includes  vegetable  oils  and  other  parts  which 
can  be  extracted  from  the  plant  by  ether,  and  is  a  mixture  of  true  fait, 
waxes  and  green  coloring  matter. 

The  average  clomposition  of  the  cattle  foods  commonly  in  use  in 
this  State  are  given  in  Table  III  of  this  appendix. 

Dry  Matter  and  Organic  Matter. — Neither  of  these  terms  repre- 
sent a  single  class  of  constituents  or  nutrients.  Dry  matter  is  what  is 
left  of  a  plant  or  food  stuff  after  the  water  is  driven  off  or  subtracted, 
and  organic  matter  is  dry  matter  minus  the  asn. 

To  enable  those  not  familiar  with  the  subject  to  gain  a  clear  idea 
of  the  parts  of  food  stuffs  and  the  terms  representing  them  as  used  in 
fodder  analyses  the  following  statement  is  presented : 
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Dry  Matter. 


Organie  Matter 


Albuminoids. 


Carbohydrates 


Nitrogen-tree  extract. 


The  following  tabular  statement  may  help  to  fix  in  the  mind  that 
which  has  been  said  regarding  the  composition  of  animals,  animal 
products  and  feeds,  and  the  groups  into  which  they  are  divided. 


Ingredients  of 
Animals. 

1 .  Water. 

2.  Ash. 

3.  Protein. 

4.  Fat. 


Ingredients  of 

Animal  Products. 

Water. 

Ash. 

Protein. 

Fat. 

Carbohydrates. 


Ingredients  of 
Feeds. 

Water. 

Ash. 

Protein. 

Fat.  ] 
Carbohydrates. 
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DIGESTIBILITY  OF  FOODS. 

The  value  of  a  food  does  not  depend  simply  upon  the  total  amount 
of  the  various  components  which  it  contains,  but  also  upon  the  pro- 
portion of  them  which  the  animal  is  able  to  digest  and  assimilate. 

In  order  to  determine  how  much  of  a  food  is  digested,  it  is  suib- 
mitted  to  careful  digestion  experiments  with  animals.  In  these  tests 
accurate  weights  are  kept  of  the  amount  of  food  consumed  and  excre- 
ment voided.  The  food  and  excrement  are  sampled  and  analyzed.  The 
difference  betwen  the  food  compounds  eaten  and  excreted  will  give 
the  amount  digested  or  assimilated.  These  results  when  calculated 
into  percentages  are  termed  the  digestion  coefficients.  There  have 
been  a  great  many  digestion  experiments  conducted  in  this  country 
and  Europe  with  all  classes  of  the  commoner  cattle  foods.  These  re- 
sults have  been  compiled  in  tabular  form  and  are  given  in  Table  IV 
of  this  appendix. 

USES  OF  INGREDIENTS  OF  FOODS. 

Having  considered  the  composition  and  digestibility  of  different 
foods,  the  next  point  for  consideration  is  as  to  the  use  the  animal  makes 
of  these  components. 

Water. — While  water  is  not  truly  a  food,  and  might  be  left  out  of 
consideration,  yet  that  which  is  consumed  in  the  food  and  drink  fur- 
nishes what  is  required  by  the  animal  in  growth  and  in  making  vari- 
ous animal  products. 

Ash. — The  ash  or  mineral  matter  of  foods  serves  as  a  source  of 
supply  for  the  mineral  ingredients  of  the  body;  under  ordinary  cir- 
cumstances the  supply  of  ash  is  amply  sufficient  for  all  bodily  needs ; 
yet,  occasionally  in  feeding  young  animals  or  in  cases  where  the  food 
consists  largely  of  grain  it  is  desirable  to  add  wood  ashes,  pure  bone 
or  precipitated  chalk  and  phosphate  of  lime. 

Protein. — The  protein  of  the  food  is  used  to  build  up  and  keep  in 
repair  the  working  tissues  of  the  body,  which,  as  has  been  previously 
stated,  consists  very  largely  of  protein.  The  growth  of  tissue  may  be 
an  actual  increase  in  bulk  as  in  growing  animals,  or  it  may  be  simply 
making  good  the  waste,  as  in  mature  animals,  or  it  may  be  the  growth 
of  hair  or  wool,  or  the  production  of  milk.  For  all  these  purposes  pro- 
tein is  indispensable,  and  its  place  cannot  be  taken  by  any  other  food 
compound.  If  more  protein  is  fed  than  is  needed,  or  than  can  be  used 
in  tissue  growth,  the  excess  can  replace  fat  or  carbohydrates  in  fur- 
nishing fuel  or  producing  fat. 

Crude  Fiber,  Nitrogen-free  Extract  and  Fat,  or  Carbohydrates 
and  Fat. — The  use  of  this  class  of  substances  may  be  conveniently  con- 
sidered together.  They  serve  three  purposes,  ist.  They  produce 
the  heat  required  for  keeping  the  animal  warm.  2nd.  They  produce 
the  force  exerted  when  the  animal  is  in  motion  or  working.  3rd. 
When  there  is  an  excess  of  these  above  what  is  required  for  heat  and 
force,  it  is  stored  in  the  body  in  the  form  of  fat. 
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While  fat  and  carbohydrates  have  substantially  the  same  use  in 
the  body,  yet,  a  given  weight  of  fat  is  worth  more  than  that  same 
weight  of  carbohydrates,  from  the  fact  that  one  pound  of  fat  will  pro- 
duce about  two  and  one-fourth  times  as  much  heat  as  a  pound  of  car- 
bohydrates ;  hence,  is  two  and  one-fourth  times  as  valuable.  The 
same  relation  holds  betwen  the  two  as  force  producers,  and  probably 
as  fat  producers.  For  these  reasons  the  fat  has  been  multiplied  by  two 
and  one-fourth,  and  united  with  the  carbohydrates  in  Table  V. 

The  office  or  functions  performed  by  the  food  nutrients  may  be 
summarized  as  follows : 

Water  in  Food  and  Drink. — Furnishes  the  water  used  in  form- 
ing the  animal  body  and  products. 

Ash  or  Mineral  Matter. — Principally  used  in  forming  bone,  but 
also  a  very  small  amount  is  consumed  by  all  other  parts. 

Fat  and  Carbohydrates  (Starch,  Sugar,  Gums,  Etc.,  Nitrogen- 
free  Extract). — Are  used  as  fuel  for  heat  and  force,  or  converted  into 
fats  and  stored  in  the  body. 

Protein  is  the  basis  of  blood,  lean  meat,  tendons,  liga- 
ments, sinews,  hair,  skin  and  an  essential  component  of  milk.  If  not 
used  for  these  may  be  converted  into  fat  or  used  as  fuel. 

NUTRITIVE  RATIO. 

The  different  foods,  as  will  be  seen  in  the  table  of  digestible  nutri- 
ents, vary  considerably  in  their  composition  and  in  the  relative  amounts 
of  the  protein  and  carbohydrates.  Nutritive  ratio  is  a  term  used  to 
designate  the  proportion  of  the  protein  (nitrogenous)  to  the  carbo- 
hydrates (non-nitrogenous  or  carbonaceous)  food  constituents,  or,  ia 
other  words,  it  is  the  ratio  of  the  digestible  protein  to  the  sum  of  all 
the  remaining  nutrients  in  the  food. 

The  ratio  is  said  to  be  wide  when  there  is  relatively  much  of  the 
carbohydrates  as  compared  to  the  protein,  as  for  example  in  corn  fod- 
der. When  there  is  a  closer  relation  between  the  two  classes  of  nutri- 
ents, as  in  the  case  of  alfalfa  hay,  wheat  bran,  cotton  seed  meal,  gluten 
meal,  et:.,  the  ratio  is  said  to  be  narrow. 

AMOUNTS  OF  PROTEIN  NEEDED  FOR  DIFFERENT 
PURPOSES. 

It  is  evident  from  what  has  been  said  that  all  classes  of  animals  do 
not  need  the  same  amount  of  the  different  food  compounds  and  that 
the  nutritive  ratio  (proportion  of  protein  to  carbohydrates)  should 
vary  according  to  the  purposes  of  feeding.  If  tissues  are  to  be  built  or 
repaired,  that  is  if  the  feed  is  to  produce  growth,  milk  or  wool,  etc., 
there  should  be  sufficient  protein  fed  to  furnish  the  raw  matenals  for 
this  production.  If,  on  the  other  hand,  the  object  is  to  produce  fat  or 
work,  then  just  sufficient  protein  will  be  needed  to  keep  the  tissues  in 
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repair,  and  the  bulk  of  the  food  should  consist  of  carbohydrates  and 
£at.    The  feeds  for  ordinary  farm  animals  may  be  grouped  as  follows : 

I 

Requiring  relatively  more  Requiring  relatively  less  protein 

protein  or  narrow  nutritive  ratio,  or  wider  nutritive  ratio. 

Growth.  Maintenance. 

Milk  production.  Fattening. 

Wool  production.  Work. 

Feeding  Standards. 

The  statements  made  above  are  not  sufificiently  definite  for  the 
purpose  of  those  who  desire  to  have  their  animals  do  their  best  and  at 
the  same  time  feed  economically.  It  is  necessary  not  only  to  know 
that  for  some  purposes  more  protein  must  be  applied,  and  in  others 
less — but  it  is  also  desirable  to  know  what  amounts  and  proportions 
of  protein  and  carbohydrates,  (that  is  what  nutritive  ratio)  is  best 
adapted  for  the  particular  case  in  hand. 

Unfortunately,  all  these  questions  cannot  be  answered  in  every 
case;  however,  the  results  of  experiments  and  of  practical  experience 
have  been  compiled  and  condensed  into  a  shape  called  "feeding  stan- 
dards" which  serves  as  a  general  guide. 

Such  standards  are  not  receipts,  but  statements  of  experience, 
which  should  be  applicable  to  average  conditions.  It  shows  what  has 
given  good  results  in  the  hands  of  some  feeders  but  it  may  not  be 
exactly  adapted  to  the  particular  conditions  of  every  user,  and  should 
be  modified  according  to  circumstances. 

Feeding  standards  are  expressed  in  the  quantities  of  the  food 
nutrients  needed  for  a  given  purpose  per  i,ooo  pounds  of  live  weight 
of  the  animal ;  in  order  that  the  standard  may  admit  of  a  wide  and 
general  application  as  possible  with  the  different  foods  and  animals 
at  hand.  In  table  I  of  the  appendix  are  given  a  number  of  feed- 
ing standards  for  various  purposes.  Most  of  these  are  based  upon 
the  work  of  German  investigations. 

Use  of  Feeding  Standards. 

The  feeding  standards  as  set  forth  in  Table  I  page  170,  are  only 
intended  to  serve  as  a  guide  in  making  mixtures  of  feeds  so  that  a 
ration  may  be  prepared  which  will  furnish  approximately  the  amounts 
and  proportion  of  the  digestible  nutrients  desirable  in  feeding  for  spe- 
cial purposes.  When  using  such  a  mixture  of  feeds,  the  feeder  will 
be  following  the  methods  which  have  been  recorded  as  giving  good 
results ;  but  would  not  necessarily  be  using  the  best  ration  which 
oouid  be  used  in  his  particular  case.  Nevertheless,  the  following  of 
ihese  standards  would  insure  the  feeder  much  more  satisfactory  results 
than  are  obtained  from  the  common  haphazard  feeding,  based  upon 
the  feeds  which  happen  to  be  at  hand  or  can  be  purchased  in  the 
markets  at  the  lowest  price. 
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Accessory  Considerations  in  Feeding. 

The  young  and  inexperienced  stock  feeder  must  remember  that 
there  are  many  points  to  be  considered  and  observed  in  connection 
yvith  the  feeding  of  animals  beyond  the  facts  set  forth  in  the  preced- 
ing pages.  It  will  be  found  that  there  is  more  to  be  done  in  order  to 
insure  success  than  simply  to  see  that  the  ration  made  up  contains  the 
theoretical  amounts  of  the  several  food  constituents.  In  order  that 
£.n  animal  will  give  the  proper  returns  for  the  food  constituents  fed,  it 
will  be  necessary  to  make  sure  that  the  ration  possesses  all  of  the 
qualities  of  flavor,  succulency  and  so  forth,  which  go  to  make  it  appe- 
tizing and  palatable.  Then,  too,  the  animal  must  be  placed  in  con- 
genial surroundings,  having  light,  well  ventilated  and  comfortable 
quarters  and,  above  all,  be  treated  with  extreme  kindness  and  gentle- 
ness. The  young  stockman  will  do  well  to  mix  some  judgment,  good 
common  sense,  and  the  best  of  his  individuality  with  his  rations,  and 
remember  that  there  is  much  truth  in  the  principles  involved  in  the 
old  German  adage,  "the  eye  of  the  master  fattens  his  cattle." 

The  stockman  whose  only  training  has  been  in  the  school  of  ex- 
perience often  holds  in  light  regard  the  results  of  experiments  and 
the  principles  set  forth  and  expressed  by  the  "well  balanced  ration ;" 
but  generally  the  successful  feeder  in  practice  has  been  a  close  observer 
and  worked  out  through  experience  that  which  closely  agrees  to  the 
teachings  based  upon  the  compositions  of  feeds  and  of  animals  and 
animal  products. 

Water. 

An  abundant  supply  of  pure,  palatable  water,  summer  and  win- 
ter, easily  obtained,  is  necessary  in  order  to  give  the  animals  the 
most  comfort  and  enable  them  to  fully  utilize  their  food  and  produce 
all  of  which  they  are  capable.  There  is  a  notion  that  any  kind  of  water 
is  good  enough  for  stock,  but  such  is  a  great  mistake.  Stock  should 
have  as  good  water  as  people.  Unless  the  water  is  good,  the  animals 
will  not  drink  all  that  is  good  for  them,  and  the  drinking  of  tainted 
and  impure  water  is  apt  to  cause  disease  in  the  animal  and  directly  im- 
pair the  quality  of  milk  and  butter.  In  winter  animals  are  often  re- 
quired to  drink  ice  water  from  the  creek  and  they  generally  will  not 
drink  as  much  as  is  needed  because  they  dread  the  chill. 

None  of  our  animals  suffer  so  much  because  of  insufficient  and 
improper  watering  as  horses.  Horses  should  be  watered  oftener  and 
not  so  much  at  once,  and  they  should  be  watered  before  feeding,  and 
not  immediately  after.  There  are  many  devices  on  the  market  bv 
which  a  supply  of  water  may  be  constantly  kept  in  the  stable  in  such 
a  way  as  animals  can  have  access  to  it,  and  tests  of  such  apparatus 
have  shown  them  to  give  valuable  returns. 


THE  FEEDING  OF  FAjHM  ANIM'AIjS. 


163 


Salt. 

A  supply  of  salt  which  is  constantly  available  to  animals  is  desir- 
able. Salt  stimulates  the  appetite,  assists  digestion  and  assimilation. 
Salting  once  or  twice  a  week,  as  is  often  practiced,  is  not  sufficient. 
Mixing  salt  with  the  food  is  not  best,  as  by  this  method  sometimes 
more  salt  is  given  than  is  good  for  the  animal. 

Where  animals  have  not  had  free  access  to  salt,  it  is  best  to  work 
them  up  to  it  gradually,  as  animals  which  have  not  had  a  full  supply 
are  apt  to  overeat  it  first,  and  an  overdose  acts  like  poison,  producing 
scouring  and  otherwise  interferes  with  digestion. 

It  is  a  good  plan  to  keep  rock  salt  in  such  places  as  the  animals 
can  get  it  at  will.  Loose  salt  may  be  used,  but  it  is  not  so  convenient 
and  more  likely  to  be  wasted. 

Succulency. 

When  animals  are  on  pasture  it  is  well  known  that  their  diges- 
tive organs  are  in  good  order,  and  no  doubt  that  results  which  are 
obtained  in  a  large  measure  are  due  to  the  succulency  of  the  food.  Tlie 
value  of  the  pasture  over  the  same  food  dry  rests  in  this  fact. 

Succulent  feeds  have  the  advantages  that  they  are  appetizing  and 
they  keep  the  system  in  a  healthy  condition. 

Of  course,  it  is  not  possible  to  have  pasture  the  year  round,  but 
good  silage  and  roots  serve  as  good  substitutes. 

When  neither  silage  nor  roots  can  be  obtained  much  can  be  done 
towards  keeping  the  digestive  system  in  good  order  by  combining 
foods  of  laxative  and  constipating  tendencies.  The  following  lists 
give  the  general  efifects  which  our  common  feeds  have  when  fed  in 
limited  quantity. 

Laxative,  or  loosening  feeds.  Constipating  Feeds. 

Wheat  Bran,  Cow  Pea  Hay,  Corn  Grain, 

Linseed  Meal,         Wheat,  Corn  Fodder, 

Gluten  Meal,  Sorghum  Hay,  Cottonseed  Meal, 

Silage,  Oats,  Timothy  Hay, 

Roots,  Barley,  Straw. 

Clover  Hay,  Rye, 

Variety. 

.\nimals,  like  people,  crave  a  variety  of  food,  and  do  best  when 
they  have  it.  While  a  variety  is  desirable,  yet,  it  is  best  to  give  the 
variety  by  feeding  a  mixture  at  each  meal  rather  than  to  feed  differ- 
ent things  at  different  times.  Animals  do  not  take  kindly  to  sudden 
changes  of  food,  and  will  not  do  well  when  fed  irregularly  in  this  re- 
spect. Mixtures  of  a  number  of  feeds  give  flavor  and  make  a  more  ap- 
petizing ration,  and  animals  will  eat  more  and  do  better  than  when  fed 
on  only  one  or  two,  even  though  the  amounts  of  protein  and  carbo- 
hydrates may  be  the  same  in  each  case. 
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In  attempting  to  give  a  variety  of  feeds  do  not  follow  a  practice 
virhich  is  very  common,  and  that  is  of  giving  a  feed  once  or  twice  each 
week  of  a  specially  rich  food.  This  is  a  bad  practice  on  two  accounts. 
1st.  The  animal  cannot  properly  utilize  the  excess  of  protein  which 
would  be  furnished  in  the  occasional  feeds,  and  there  would  be  loss, 
and,  2nd.  The  animal  will  do  much  better,  and  eat  better  if  these  rich 
foods  w^ere  mixed  with  the  general  ration,  so  that  they  would  get  it 
distributed  through  the  seven  days  rather  than  get  it  all  on  one  day. 

Appetizing  Rations. 

There  has  been  considerably  said  already  on  the  importance  of 
making  rations  appetizing  and  suggestions  made  which  would  con- 
tribute to  that  end.  Water  makes  a  food  taste  better,  makes  it  more 
enjoyable,  and  increases  its  value.  Early  cut  hay,  for  instance,  is  best 
not  only  because  it  contains  more  protein  than  that  cut  late,  but  be- 
cause its  aroma  and  flavor  make  it  more  palatable. 

It  is  not  well  to  feed  animals  too  much  at  one  time,  as  they  pick 
out  the  most  desirable  parts  first  and  mess  the  other  over, which  detracts 
from  its  palatability,  and  either  entails  loss  of  food  or  products,  whereas 
feeding  in  dif¥erent  ways  and  less  at  a  time  would  give  better  results 
from  the  same  food.  Mangers,  feed  troughs  and  racks  should  be  kept 
clean  both  from  a  sanitary  standpoint  and  in  order  to  make  the  foods 
more  appetizing,  and  to  have  more  of  it  eaten,  and  thus  get  better 
results. 

Shelter,  Comfort  and  Kindness. 

These  are  three  factors  in  the  feeding  of  animals  that  are  as  much 
neglected  as  any  other,  and,  in  fact,  many  people  have  come  to  study 
the  needs  for  making  a  "well-balanced  ration,"  and  have  entirely  ignor- 
ed these  essentials.  The  attention  to  shelter,  comfort  and  kindness  for 
animals  will  save  many  a  pound  of  food,  and  do  much  toward  increas- 
ing the  products  obtained,  no  matter  whether  the  returns  are  to  be 
work  performed,  milk  and  butter,  or  meat  products. 

Winter  quarters  for  animals  should  be  warm  and  dry,  and  should 
be  furnished  with  plentv  of  pure  air  and  good  sunlight.  Stables 
should  be  well  ventilated',  but  without  being  drafty.  There  is  entirely 
too  little  attention  paid  to  having  the  stable  well  lighted,  especially  to 
having  such  arrangements  as  to  admit  of  a  flood  of  sunlight.  Sunlight 
is  an  effective  destroyer  of  disease  germs. 

Whatever  adds  to  the  comfort  of  animals  increases  their  ability  to 
properly  utilize  the  food,  and  will  enable  them  to  give  better  returns  for 
that  which  is  being  consumed.  Kindness  is  an  efficient  aid  in  making 
animals  more  productive,  and  it  costs  nothing.  Abuse  and  excitement 
will  interfere  wnth  digestion,  and  cause  a  loss  of  food  and  product. 
Kindness  and  petting  makes  animals  contented,  and  puts  their  nervous 
f.vstems  in  a  condition  to  properly  utilize  food,  and  to  return  their  full- 
est measure  of  profit. 
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Feeding  Cows. 

The  increase  of  tne  dairy  interests  of  this  State  with  the  rapid  rise 
in  the  price  of  feeds  during  the  past  five  years  has  made  the  feeding 
of  milch  cows  a  very  important  subject.  No  animal  responds  so 
promptly  and  profitably  to  careful  feeding.  The  cow,  owing  to  the  con- 
struction of  the  digestive  system,  is  able  to  consume  large  quantities 
of  coarse  foods.  Because  cows  can  utilize  this  roughage  they  are 
generally  imposed  upon,  and  expected,  in  many  instances,  to  subsist 
upon  it,  and  at  the  same  time  give  good  Hows  of  milk ;  yet,  they  need 
finer  and  richer  foods,  and  give  profitable  returns  for  it.  Tlie  returns 
and  improvements  that  may  be  worked  by  liberal  feeding  and  good 
care  of  cows  is  well  brought  out  in  the  discussion  in  Bulletin  No.  69  of 
this  Station. 

In  feeding  cows  it  must  be  remembered  that  they  need  more  than 
sufficient  for  maintenance,  for  they  require  food  for  furnishing  nutri- 
ment to  the  fetus,  and  the  materials  which  are  necessary  in  making 
milk.  It  will  be  noted  that  in  the  Table  i,  giving  the  feeding  standards^ 
that  there  are  two  standards  for  milch  cows,  viz.,  the  "German  Stand- 
ard" and  the  "Wisconsin  Standard."  The  German  Standard  is  one 
that  has  been  worked  out  by  German  investigators,  and  is  based  upon 
the  food  requirements  for  maintenance  plus  that  which  is  necessary 
in  order  to  furnish  the  constituents  required  for  a  good  average  flow 
of  milk.  The  Wisconsin  Standard  is  not  a  standard,  in  the  true  sense, 
as  it  is  not  based  upon  actual  experiments,  but  simply  the  results  of 
calculations  based  upon  the  compilation  of  a  great  number  of  rations 
that  are  being  fed  by  successful  practical  dairymen. 

Notwithstanding  these  facts  there  seems  good  reason  to  believe 
that  the  Wisconsin  Standard  is  more  suitable  to  the  conditions  under 
which  the  average  dairyman  of  this  State  is  laboring  than  the  German 
Standard.  The  reasons  for  this  are  as  follows :  ist. — A  comparison  of 
the  nutritive  ratio  of  the  German  Standard  with  the  nutritive  ratio 
of  the  good  June  pasture  made  up  largely  of  blue  grass  (sometimes 
called  green  grass  or  June  grnss')  with  some  white  clover  show  them 
to  be  almost  identical.  Now,  it  is  well  known  that  cows  as  a  rule  do 
their  best  when  on  a  good  May  or  June  pasture.  Now.  this  being  true, 
it  is  but  reasonable  to  suppose  that  if  the  nutritive  ratio  of  i  :5.4  is 
about  right  for  June  weather  conditions  that  with  winter  weather  con- 
ditions there  will  be  more  need  to  supply  the  animal  with  a  larger 
amount  of  the  heat-producing  elements,  and  thus  call  for  a  wider  ratio, 
and  probably  that  as  expressed  bv  the  so-called  Wisconsin  Standard 
is  about  right.  The  second  consideration  which  might  account  for 
some  difference  in  the  ratio  requirements  of  this  country  as  compared 
to  German  ratio  is  the  fact  that  average  milk  in  this  country  is  higher 
in  total  solids  and  noticeablv  richer  in  fat,  all  of  which  call  for  rela- 
tively more  carbohA-drates.  The  following  sample  rations  may  serve 
the  purpose  of  some,  as  thev  are  made  up  from  feeds  common  to  many 
parts  of  the  State.  They  will  also  sen^e  as  further  illustrations  of  how- 
rations  are  calculated. 
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The  Dairy  Calf. 

In  connection  with  the  feeding  of  cows,  it  would  be  well  to  re- 
member that  much  can  be  done  towards  producing  a  good  cow  by 
feeding  her  properly  when  a  calf.  Calves  which  are  being  raised  for 
cows  should  be  well  fed,  but  in  such  a  way  as  to  keep  them  growing 
without  getting  fat.  Many  a  good  cow  has  been  spoiled  by  developing 
the  beef  tendencies  when  young.  The  principal  point  is  to  feed  a 
highly  nitrogenous  ration  and  not  overfeed.  Sometimes  calves  on 
pastures  will  get  very  fat  in  appearance,  but  experience  has  shown 
that  pasture  fat  in  a  calf  or  heifer  will  work  of¥  and  not  injure  them 
permanently  like  the  fat  made  by  overfeeding  in  the  stable  with  grain, 
particularly  corn. 

Feeding  for  Beef. 

In  feeding  for  beef  very  different  rules  may  be  used  as  a  guide 
from  feeding  for  milk.  Even  with  the  calf,  the  object  is  to  produce 
as  much  fat  as  possible  at  the  same  time  making  growth.  If  possible, 
the  calf  fat  with  which  it  is  born  should  never  be  lost,  but  continually 
added  to.  This  means  forcing  with  plenty  of  muscle  and  fat-making 
foods. 

In  feeding  for  beef  much  attention  should  be  paid  to  the  age  of 
the  animal  and  period  of  fattening,  as  illustrated  in  the  standard,  than 
is  commonly  practiced.  The  beef  feeders  of  this  State  are  very  gen- 
erally following  the  old-time  customs,  and  they  are  not  so  nearly  pro- 
gressive and  wide-awake  to  their  business  as  their  brothers  who  are 
dairymen. 

The  character  of  stock  and  general  condition  are  so  variable  that 
ic  does  not  seem  desirable  to  print  any  sample  ration  in  this  connec- 
tion, but  they  can  be  calculated  upon  the  same  principles  as  those 
for  cows ;  but  feeders  should  select  and  vary  the  standard  with  differ- 
ent periods  of  fattening. 

Horse  Feeding. 

This  Station  has  published  a  brief  general  discussion  of  the  ques- 
tion of  horse  feeding  together  with  the  results  of  some  experiments 
on  this  subject  in  Bulletin  No.  51.  This  bulletin  is  still  available,  and 
all  who  are  specially  interested  can  procure  copies  upon  application. 

Swine  Feeding. 

The  general  priruciples  involved  in  feeding  for  the  production  of 
pork  are  discussed  in  connection  with  the  results  of  some  experiments 
conducted  upon  this  subject  in  Bulletin  No.  63  of  this  Station. 

In  feeding  pigs  intended  for  breeding  purposes,  of  course,  diflfer- 
ent  methods  should  be  followed  from  those  for  the  production  of  pork. 
In  the  main  there  should  be  made  the  same  difiference  as  have  been 
suggested  between  feeding  calves  and  cows  for  milk  and  feeding  for 
beef.  Breeding  pigs  should  be  fed  largely  on  a  vegetable  and  bulky 
diet  rather  than  on  a  concentrated  grain  diet. 
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Sheep  Feeding. 

The  same  principles  are  involved  in  the  feeding  of  sheep  as  in 
feeding  other  classes  of  animals,  and  special  attention  should  be  paid 
to  making  a  difference  in  feeding  those  sheep  which  are  intended  for 
breeding  purposes  and  those  which  are  to  go  for  meat.  It  is  partic- 
ularly desirable  that  sheep  should  have  some  succulent  food  at  ai. 
times  of  tne  year.  Roots  and  silage  aid  in  this  respect  very  materially 
for  the  winter  months. 

Poultry  Feeding. 

The  proper  feeding  of  poultry  should  be  conducted  upon  the 
same  Hnes  as  is  that  of  other  stock.  The  feeding  of  laying  hens  is  just 
as  important  as  the  feeding  of  a  cow,  and  the  hen  will  give  equally  as 
quick  and  even  more  remunerative  returns.  In  fact,  a  grain  ration  that 
is  suited  for  a  cow  serves  very  well  for  hens,  but  of  course  should  be 
supplemented  with  grit,  oyster  shells,  bone,  eta,  which  are  specially 
needed  by  fowls.  For  a  special  treatise  on  the  feed  and  care  of  chick- 
ens write  to  the  U.  S.  Department  of  Agriculture  for  Farmers'  Bulle- 
tin No.  41. 

Computation  of  Rations. 

The  calculation  of  a  stock  ration  which  will  approximate  that 
which  is  set  down  in  the  table  of  standards  or  in  other  words,  what  is 
known  as  "well  balanced"  for  a  given  purpose,  is  not  an  easy  matter; 
yet,  it  is  not  as  difficult  as  many  think.  Unfortunately,  no  definite  rule 
can  be  given  for  making  the  computation,  yet,  from  a  general  inspec- 
tion of  the  quality  of  the  foods  as  set  down  in  Table  5,  giving  the  di- 
gestible nutrients  and  paying  particular  attention  to  the  nutritive  ra- 
tios as  given  in  the  last  column  of  figures,  some  idea  can  be  gained  as 
to  the  adaptability  of  the  different  foods  which  could  be  used  in  a 
mixture  so  as  to  give  a  ration  of  the  desired  standard.  A  little  study 
of  the  qualities  of  different  foods  so  as  to  become  familiar  with  their 
nutritive  values  will  enable  any  one  to  soon  be  able  to  formulate  ra- 
tions that  will  approximate  the  standard.  In  making  up  rations  it  is 
always  well  in  the  original  calculations  to  use  the  amounts  which  would 
be  required  for  one  ration,  or  twenty-four  hours'  feeding,  according 
to  standards,  but  when  it  comes  to  the  actual  practice  of  mixing  the 
ration  do  not  weigh  or  measure  out  the  quantities  of  each  food  for  each 
animal  daily,  but  mix  up  a  ton  or  more  at  a  time,  and  then  feed  from 
this  mixture,  varying  the  amounts  with  the  individual  animal  accord- 
ing to  size,  appetite  and  so  forth.  This  will  reduce  the  amount  of  labor 
involved  to  a  minimum,  and  approximate  the  standard  and  require- 
ment of  each  individual  as  well  as  though  the  rations  were  weighed  and 
mixed  each  dav  for  each  animal.  If  this  sy.stem  was  practiced  it  would 
remove  the  difficulty  which  seems  to  arise  in  the  minds  of  manv  when 
the  question  of  a  well-balanced  ration  is  first  presented,  and  it  would 
make  good  feeding  almost  as  simple  as  the  common  practice. 
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How  to  Use  Tables  in  Compounding  Rations. 

The  method  of  using  the  Table  No.  5  showing  the  amounts  of 
digestible  nutrients  in  different  foods  in  order  to  calculate  a  lation  for 
a  given  purpose  is  best  shown  by  using  an  example. 

Suppose  a  dairyman  had  corn  silage  made  from  corn  which  would 
have  husked  ten  barrels  per  acre,  and  clover  hay,  and  desired  to  pur- 
chase some  grain  products,  so  as  to  furnish  the  materials  requisite  for 
making  a  well-balanced  ration.  At  first,  assume  the  cows  to  weigh 
1,000  pounds,  and  that  the  standard  selected  is  that  known  as  the  Wis- 
consin dairy  ration.  The  first  thing  to  do  is  to  put  down  the  amounts 
of  the  silage  and  hay  that  the  cows  will  eat,  and  the  nutrients  which 
they  will  furnish.  The  amounts  will  be  seen  by  turning  to  Table  5,  on 
page  185,  giving  the  nutrients  in  the  silage,  and  on  page  187,  that  in 
the  hay. 

Quantity.     Dry  Matter.     Protein.  Carbohydrates, 
lbs.  lbs.  lbs.  ibs. 

Corn  Silage  40  10.5  0.48  7.10 

Clover  Hay   5  4-3  0-34  1.98 

45  14.8  0.82  9.08 

Nutritive  ratio  1:11.5. 

From  the  above  it  will  be  seen  that  the  silage  and  hay  would  fur- 
nish a  ration  which  would  need  to  be  supplemented  by  about  ten 
pounds  of  dry  matter,  1.4  pounds  protein  and  5.8  pounds  carbohy- 
drates. 

Now,  suppose  that  wheat  middlings  and  gluten  meal  were  the 
most  convenient  to  procure  on  the  market,  and  it  was  desired  to  sup- 
plement the  silage  and  hay.   This  may  be  done  as  follows: 

Quantity.  Dry  Matter.  Protein.  Carbohydrates, 

lbs.               lbs.  lbs.  plus  fat,  lbs. 

Com  Silage  40                10.5  0.48  7- 10 

Clover  Hay            5                 4-3  0-34  i-98 

Wheat  Middlings   9                 7-9  i-i5  5-46 

Gluten  Meal  . .  . .  i                 0.9  .32  -45 

Total  in  Ration. .  23.6  2.29  14.99 

Standard    24.5  2.2  14.9 

Nutritive  Ratio  of  Ration  i  :6.6. 
Nutritive  Ratio  of  Standard  i  :6.8. 
The  above  would  be  sufficiently  close  for  all  practical  purposes. 

Now,  instead  of  weighing  out  the  nine  pounds  of  middlings  and 
one  pound  of  gluten  meal  for  each  cow  each  time,  and  having  to  vary 
the  amount  with  the  size,  appetite,  etc.  of  each  cow,  the  practical  plan 
would  be  to  weigh  out  nine  hundred  pounds  of  the  middhngs,  and 
one  hundred  pounds  of  gluten  meal  and  mix  them  thoroughly  and 
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then  they  are  ready  for  feeding  as  needed,  and  the  practical  feeder 
•can  vary  the  amounts  reasonably  close,  measuring  so  as  to  meet  the 
requirements  of  each  cow.  The  same  is  true  of  the  silage  and  hay. 
Other  sample  rations  will  be  found  under  the  experiments  reported  in 
this  bulletin,  and  in  the  parts  referring  to  the  feeding  of  special  kinds 
of  animals,  and  under  the  discussion  of  the  question  of  the  home  pr©- 
•duction  of  protein. 

The  Relative  Value  of  Foods. 

In  making  up  rations  the  question  of  the  value  of  different  foods 
is  constantly  arising,  and  is  one  that  should  be  given  due  consideration 
for  it  is  not  only  desirable  to  procure  a  ration  that  will  be  balanced, 
but  the  aim  should  be  to  have  it  cost  as  little  as  possible. 

With  most  farmers,  the  aim  in  purchasing  feed  is  generally  to  get 
•  he  protein,  and  if  that  is  the  only  point  involved  the  feed  should  be 
tised  that  furnishes  that  constituent  cheapest ;  yet,  even  under  such 
circumstances  some  consideration  must  be  given  to  the  other  food 
constituents  which  are  supplied,  and  even  the  manurial  value  of  a 
feed  should  be  taken  under  consideration. 

By  calculating  the  total  amount  of  digestible  nutrients  furnished 
by  one  ton  of  feed  from  the  data  given  in  Table  5,  and  dividing  that 
into  the  selling  price  of  one  ton,  the  result  will  be  the  cost  of  one 
pound  of  nutrient.  This  will  serve  in  most  cases  as  a  good  basis  upon 
which  to  buy.  As  far  as  has  been  determined,  digestible  protein, 
starch,  etc.,  have  pracitically  the  same  feeding  value,  no  matter  from 
what  sources  they  may  be  derived. 

The  Fertilizing  or  Manurial  Value  of  Feeds. 

All  feeds  contain  a  certain  amount  of  the  three  valuable  ingre- 
dients which  give  commercial  fertilizers  their  value  namely,  phosphoric 
acid,  potash  and  nitrogen.  In  feeding,  most  of  these  are  recovered  in 
the  manure  of  the  animals  fed.  Flence,  it  is  important  to  consider  this 
phase  of  the  value  of  feeds,  and  to  consider  it  in  purchasing  and  sell- 
ing feeds ;  for  on  the  one  hand  fertility  is  being  purchased,  and  on  the 
other  hand  fertility  is  being  sold.  In  considering  the  profits  of  feed- 
ing operations  due  consideration  should  always  be  paid  to  the  resulting 
manure  and  its  value  in  maintaining  the  fertility  of  the  farm. 

The  fertilizing  constituents  in  feeds  are  given  in  Table  6,  together 
with  the  approximate  value  per  ton  calculated  on  the  same  basis  of 
commercial  fertilizers.  It  is  doubtful  if  much  of  the  plant  food  in  a 
food-stuff  is  as  available  to  crops  as  the  plant  food  in  average  com- 
mercial fertilizers;  hence,  not  quite  so  valuable,  pound  for  pound.  Yet, 
when  it  is  considered  that  the  food-stuff  furnishes  considerable  or- 
ganic matter,  which  is  of  value  to  land,  this  really  overbalances 
any  deficiency  in  value  which  may  be  due  to  the  essential  plant  roods 
"being  less  available. 
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TABLE  I. 

Feeding  Standards. 
A — Per  day  and  i,ooo  pounds  live  weight.* 
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Fattening  sheep,  main  period  

25.0 

3.5 

1 5.8 

19.3 

1;  4.5 

Fattening  swine,  preliminary  period. . 

36.0 

5.0 

27.5 

32.5 

1:  5.5 

31.0 

4.0 

24.0 

28.0 

1:  6.0 

Fattening  swine,  finishing  period.... 

23.5 

2.7 

17.5 

20.2 

1:  6.5 

Growing  Cattle:         Av.  Live  Weight 

/ge.    Months.                 per  head. 

2. . , .  3  150  lbs. . . . 

22.0 

4.0 

18.3 

22.3 

1:  4.6 

3         6  300  lbs  

23.4 

3.2 

15.8 

19.0 

1:  4.9- 

24.0 

2.5 

14.9 

17.4 

1:  6.0 

24.0 

2.0 

13.9 

15.9 

1:  7.0 

24.0 

1.6 

13.7 

14.3 

1:  8.0 

Growing  sheep: 

28.0 

3.2 

17.4 

20.6 

1:  5.4 

25.0 

2.7 

14.7 

17.4 

1:  5.4 

8  n                                 75  lbs  

23.0  i 

2.1 

12.5 

14.6 

1:  6.0 

22.5 

1.7 

11.8 

13.5 

1:  7.0 

22.0 

1.4 

n.i 

12.5 

1:  8.0- 

Growing  fat  pigs: 

42.0 

7.5 

30.0 

37.5 

1:  4.0 

3          5  100  lbs  

34.0 

5.0 

25.0 

30.0 

1:  5.0 

5....  6  125  lbs  

31.5 

4.3 

23.7 

28.0 

1:  5.5 

6....  8  170  lbs  

27.0  ! 

3.4 

20.4 

23.8 

1:  6.a 

S....12  250  lbs  

21.0  j 

2.5 

16.2 

1 

18.7 

1:  6.5- 

*The  following  rations  are  calculated  for  1,000  lbs.  live  weight  at  the 
beginning  of  the  fattening. 

B — Per  day  and  head. 


Digestible. 

(rt  in 

.2 

.5 

ive 

a 

o  c 

'u 

2 

CD 

o 

3 

Q 

Si 

Growing  cattle! 

2 

3 

150  lbs 

3.3 

0.6 

2.8 

3.4 

1:  4.6 

g 

7.0 

1.0 

4.9 

5.9 

1:  4.9 

g 

1? 

500  lbs 

1.3 

7.5 

8.8 

1:  6.0 

18 

700  lbs 

]  6.8 

i.4 

9.7 

11.1 

1:  7.0 

20.4 

1.4 

n.i 

12.5 

1:  8.0 

Growing  sheep: 

1.6 

0.18 

0.974 

1.154 

1:  5.4 

1.7 

0.18 

0.981 

1.161 

1:  5.4 

8 

11 

  75  lbs  

1.7 

0.16 

0.953 

1.113 

1:  6.0 

1.8 

0.14 

0.975 

1.115 

1:  7.0 

15 

1.9 

0.12 

0.055 

1.075 

1:  8.0 

Growing  fat  swine: 

2.1 

0.38 

1.50 

1.88 

1:  4.0 

3.4 

0.50 

2.50 

3.00 

1:  5.0 

3.9 

0.54 

2.96 

3.50 

1:  5.5 

4.6 

0.58 

3.!  7 

4.05 

1:  6.0 

5.S 

0.62 

4.05 

4.67 

1:  6.5 
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TABLE  III. 
Average  Composition  of  American  Feeding  Stuffs. 

The  figures  in  the  following  table,  unless  otherwise  noted,  have 
been  taken  from  Bulletin  No.  ii,  Ofhce  of  Experiment  Stations; 
Farmers'  Bulletin  No.  22,  U.  S.  Department  of  Agriculture;  Henry's 
Feeds  and  Feeding,  Bulletin  No.  81,  Vermont  Agricultural  Experi- 
ment Station,  and  Bulletin  No.  166,  New  York  State  Agricultural  Ex- 
periment Station. 

The  percentages  given  represent  averages  from  which  there  are 
material  variations.  These  variations  are  mostly  due  to  differences  in 
the  water  content,  the  influence  of  localty,  and  of  the  stage  of  groAvth 
and  the  changes  brought  about  by  the  methods  and  conditions  of  cur- 
ing. They  are  not  as  large  and  important  with  grains  as  with  the 
fodders. 
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Percentage  Composition. 


- 

j 

*Corn  Fodder. 

c 

g 
a 

ate 

0 

1  ^ 

£ 

;z 

i  o 

Cjreen  x  oQder. 



40 

1.1 

2.0 

4.3 

12.1 

.7 

J"  lint  varieties  cut  after  leer- 

10 

f-r. 

1.1 

2.1 

4.3 

14.6 

.8 

63 

9.0 

1.3 

1.7 

5.6 

12.0 

.5 

Dent  varieties  cut  after  ker- 

7 

( 0.4 

1.3 

2.0 

6.7 

15.5 

.9 

21 

1.3 

1.9 

4.4 

12.8 

.5 

126 

"^9  3 

1.2 

1.8 

5.0 

12.2 

.5 

i-*caves  and  nusks,  cut  ^reen 

4 

2.9 

2.1 

8.7 

19.0 

1.1 

Stripped  stalks,  cut  green. . . 

4 

76.1 

.7 

5 

7.3 

14.9 

.5 

11 

1.1 

1.3 

6.1 

11.6 

.5 

7 

?(•  f 

1.8 

2.6 

11.6 

6.8 

.6 

1 

700 

]  .8 

2.7 

7.9 

8.0 

.6 

Oaf    f --»rlrl.:»»' 

6 

2.5 

3.4 

11.2 

19.3 

1.4 

SCO 

2.0 

3.5 

4.0 

9.7 

.8 

5 

2.3 

2.8 

11.0 

17.7 

.9 

1  all  oat  g*rassj,  in  bloom. . . . 

3 

69.5 

2.0 

2.4 

9.4 

15.8 

.9 

4 

73.0 

2.0 

2.6 

8.2 

13.3 

.9 

Meadow  fescue,  in  bloom. . . . 

4 

C9.9 

1.8 

2.4 

10.8 

14.3 

.8 

Italian    rye    grass,  coming 

24 

73.2 

2.5 

3.1 

6.8 

13.3 

1.3 

Timothy§,  at  different  stages 

56 

61.6 

2.1 

3.1 

11.8 

20.2 

1.2 

Kentucky  blue  grass*,  at  dif- 

18 

65.1 

2.8 

4.1 

9.1 

17.6 

1.3 

14 

7J.1 

1.7 

3.1 

9.2 

14.2 

.7 

12 

75.0 

1.0 

2.1 

7.8 

13.1 

.5 

Jfed    clover,    at  different 

43 

7U.8 

2.1 

4.4 

8.1 

13.5 

1.1 

Alsike  c]over+,  in  bloom.... 

4 

74.8 

2.0 

3.9 

7.4 

11.0 

.9 

Crimson  clover   

3 

80.0 

1.7 

3.1 

5.2 

8.4 

.7 

jAlfalfalL  at  different  stages. 

23 

71.8 

2.7 

4.8 

7.4 

12.3 

1.0 

Serradella,  at  differ'nt  stages 

9 

79.5 

3.2 

2.7 

5.4 

8.6 

.7 

10 

83.6 

1.7 

2.4 

4.8 

7.1 

.4 

27 

73.1 

2.6 

4.0 

6.7 

10.6 

1.0 

2 

84.2 

1.2 

2.8 

4.9 

6.5 

0.4 

Flat  pea  (Lathyrus  syl- 

vestris  

2 

CG.7 

2.9 

8.7 

7.9 

12.2 

1.6 

2 

8-3.5 

2.0 

2.3 

2.6 

8.4 

0.5 

Winter  vetch!!   

4 

74.4  ' 

2.4 

4.4 

7.0 

11.1 

0.7 

*Corn  folder  is  the  entire  plant,  usually  a  thickly  plantel  crop,  Corn  stover  is  what 

le;t  aft  er  the  ears  are  harvested 
tHerd's  grass  of  Pennsylvania. 
J  Meadow  Oat  Grass. 

Sflerd's  grass  of  New  England  and  New  York. 
*June  Irass.  or  Green  Grass. 
+  Swedish  Clover. 
IlLucurne. 

TPa.  Espt.  Kept.  1837— p  140  Average. 
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TABLE  III.— Continued. 


GO 

'55 

Percentage  Composition. 

rof 
Anal} 

iber. 

in 

xtract. 

V 

S 
3 



ate 

• 



ote 

3 

£  " 

o 

U, 

Silage. 





99 

.  .79.1 

1  4 

1.7 

0.0 

11.0 

Coi'ii  silo.g*e,  Icei'nels  gliizing 

49 

7o.7 

1.6 

2.2 

0.5 

15.1 

0  9 

'Oorn  cannory  refuse,  linsks~|" 

1 

83.8 

0.0 

1.4 

5.2 

7.9 

1.1 

Com  (.annep  lefuse,  cobsH-. 

1 

74.1 

0.5 

1.5 

7.9 

14.3 

6 

70.1 

.8 

0.4 

15.3 

n  T 

5 

72.0 

or 

4.2 

8.4 

11.6 

7 

1 

74.2 

4.1 

9.7 

6.9 

o'o 

~T 

2 

79.3 

o'o 

2.7 

0.0 

7.6 

1.5 

1 

5  (.1.1 

r,_ 

3.D 

5.0 

13.0 

20.0 

1.6 

1 

70.8 

2.8 

G.5 

11.3 

1.3 

Silage   of  mixture   of  cow- 

pea  vines   and   soja  bean 

-\rMi^r^  1 '  *  * '  1  

1 

00.8 

4.0 

3.S 

9.5 

11.1 

1.3 

JMiilet  and  soia  l)ean  

9 

79.0 

2.8 

2.8 

7.2 

7.2 

1.0 

4 

7(3.0 

2.4 

7.2 

11.1 

0.8 

^\ 

1 

80.8 

1.6 

2.4 

5.8 

9.2 

0.3 

1 

8o.() 

.0 

1.2 

3.3 

8.8 

].I 

Hay  and  dry  coarse  fodder. 
Corn  fodder**'",  field  ciired.... 

35 

42.2 

2.7 

4.5 

14.3 

34.7 

1.6 

17 

30. 0 

6.0 

21.4 

35.7 

1.4 

16 

r.0.9 

1.8 

2.5 

15.8 

28.3 

0.7 

15 

68.4 

1.2 

1.9 

11.0 

17.0 

0.5 

1 

46.7 

1.8 

20.4 

27.4 

1.1 

1 

It,. 9 

6.3 

4.6 

28.6 

42.4 

2.2 

Corn  focKier,  new  corn  pro- 

d  ic't't  J  '  * '  * 

6 

9.2 

t  4 

6.4 

28.7 

48.9 

2.8 

"Corn  stoverT,  iield  cnred.  . . . 

60 

40.5 

3.8 

19.7 

31.5 

1.1 

Hay  from  barley,  cut  in  milk 

15.0 

t't 

8.8 

2.4 

1 

15. 

9.3 

29.2 

39.0 

2.3 

I'fedtopJ,  cut  at  difp'r't  stages 

9 

8.9 

5  " 

7.9 

28.6 

47.5 

1.9 

3 

S.7 

4.9 

8.0 

29.9 

46.4 

2.1 

10 

0.9 

6.0 

8.1 

32.4 

41.0 

2.6 

Timot]iA§,  all  analyses  

08 

13.2 

4.4 

5.9 

29.0 

45.0 

Timothy,  cut  in  full  bloom.. 

13 

13.  1 

4.5 

6.0 

29.6 

41.9 

3.0 

Timothy,    cut    soon  after 

11 

1 

4.4 

5.7 

28.1 

44.6 

3.0 

Timothy,  cut  when  nearly 

1 

12 

14.1 

3.9 

5.0 

31.1 

43.7 

10 

21.2 

0.3 

7.8 

23.0 

37.8 

3.9 

Cut  when  seed  wns  in  milk.. 

4 

24.4 

7.0 

6,3 

24.5 

34.2 

3.6 

<Ait  when  seed  was  ripe  

4 

27.8 

0.4 

5.8  1 

23.8 

33.2 

3.0 

+  Analyses  made  at  the  Maryland  Experiment  Station. 
+  1  Portion  below  the  ear  with  husk  and  blades  removed. 
+2  Portion  of  stalk  and  blades  above  the  ear. 
*  Entire  plant 

t  What  is  left  after  the  ears  are  harvested. 

t  Herd's  grass  of  Pennsvlvania. 

S  Herd's  grass  of  New  England  and  N.  Y. 
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vsis 

Percentage  Composition. 

03 

c 

ract. 

G 

V 

® 

£ 

O 

s 

< 

6 

&4 



Hay  and  Dry  Coarse  Fod- 

der— Continued. 

13 

7.7 

6.0 

7.5 

27.7 

49.0 

2.1 

9 

20.0 

6.8 

7.0 

25.9 

?8.4 

2.T 

4 

8.5 

G.9 

7.5 

30.5 

45.0 

l.T 

4 

14.0 

7.9 

10.1 

25.4 

40.3 

l.T 

126 

15.? 

5.5 

7.4 

27.2 

42.1 

2.5 

23  • 

10.6 

6.8 

11.6 

22.5 

39.4 

3.1 

MLved  grasses  and  clovers.. 

17 

12.0 

5.5 

10.1 

27.6 

41.3 

2.6 

8 

n.6 

6.7 

7.2 

26.6 

45.9 

2.0 

10 

10.4 

7.7 

5.5 

30.0 

44.1 

2.4^ 

Kay  from — 

38 

15.3 

6.2 

12.3 

24.8 

38.1 

3.» 

6 

20.8 

6.6 

12.4 

21.9 

33.8 

4.5- 

9 

9.7 

8.3 

12.8 

25.6 

40.7 

2.» 

7 

9.7 

8.3 

15.7 

24.1 

39.3 

2.9 

7 

9.6 

8.6 

15.2 

27.2 

36.6 

2.8 

2 

ii.n 

8.5 

13.8 

24.0 

39.0 

3.7 

5 

1  j.'; 

7.9 

17.0 

25.4 

36.1  . 

2.S 

3 

9.2 

72 

15.2 

21.6 

44.2 

2.6- 

21 

8.4 

7.4 

14.3 

25.0 

42.7 

2.2^ 

8 

10.7 

7.5 

16.6 

20.1 

42.2 

2.2- 

6 

1j.3 

7.2 

15.4 

22.3 

38.6 

5.2- 

Flat  pea  (lathyrus  sylvestris 

5 

8.4 

7.9 

22.9 

26.2 

31.4 

3.2 

Peanut  vines  (without  nuts) 

6 

7.0 

10.8 

10.7 

23.6 

42.7 

4.6- 

1 

15.0 

0.7 

13.7 

24.7 

37.6 

2.3 

Soja-hean  straw  

4 

10.1 

5  8 

4.6 

40.4 

37.4 

1.7 

1 

8.7 

8.8 

37.6 

34.3 

1.4 

7 

'.(.(: 

4.2 

3.4 

38.1 

43.4 

1.5 

7 

7.1 

3.2 

3.0 

38.9 

46.P 

1.2 

12 

9.2 

5.1 

1  4.0 

37.0 

42.4 

2.3 

3 

9.9 

5.5 

1  5.2 

43.0 

35.1 

1.3 

Roots  and  Tubers. 

12 

78.9 

1.0 

2.1 

.6 

17.3 

.1 

6 

71.1 

1.0 

1.5 

1.3 

24.7 

.4 

9 

8S.5 

1.0 

1.5 

.9 

8.0 

.1 

19 

8C,.-, 

1  .9 

1.8 

.9 

9.8 

.1 

9 

90.0 

1  J.l 

1.4 

.9 

5.5 

.2 

3 

90.5 

1  .8 

1.1 

1.2 

6.2 

.2 

4 

8F..6 

1  1.2 

1.2 

1.3 

7.5 

.2 

8 

88.6 

i  1.0 

1.1 

1.3 

7.6 

.4 

2 

79.5 

1  1.0 

2.6 

.8 

15.9 

.Z 

Grains  and  Other  Seeds. 

1 

1 

Corn  kernel — 

i 

70.4 

86 

10. R 

1  1.5 

i  10.3 

1  2.2 

5.0 

68 

11.3 

1  t.4 

1  10.5 

1  1.7 

70.1 

5.0 

♦Second  Cut. 
tLuceme. 
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Percentage  Composition. 

V 

_c 

c 

~" 

£ 

u 

o 

rud 

ree 

rt" 

< 

OJ 

Em 

Grains   arid    Other  Seeds- 

Continued. 

26 

S.8 

1.9 

11.6 

2.8 

66.8 

8.1 

4 

10.7 

1.5 

n.2 

1.8 

69.6 

5.2 

5 

9.3 

1.6 

11.4 

2.0 

70.2 

5.5 

A]]  va.-ieties  and  analyses... 

20S 

lO.fi 

1.5 

10.5 

2.1 

69.6 

5.4 

Sorjrhiini  seed   

10 

12.8 

2.1 

9.1 

2.6 

69.8 

3.6 

10 

10.0 

2.4 

12.4 

2.7 

69.S 

1.8 

30 

11.0 

3.0 

11.8 

9.5 

59.7 

5.a 

6 

11.0 

1.9 

10.6 

1.7 

72.5 

1.7 

Wheat. 

Spring  varie'iies   

Winter  varieties,  all  analyses 

13 

10.4 

1.9 

12.5 

1.8 

71.2 

2.2 

10.5 

1.8 

11.8 

1.8 

73.0 

2.1 

310 

10.5 

1.8 

11.9 

1.8 

71.9 

2.1 

10 

12.4 

.4 

7.4 

.2 

79.2 

.4 

8 

12.G 

2.0 

10.0 

8.7 

64.5 

2.2 

2 

8.6 

3.6 

16.3 

29.9 

21.4 

31.2 

50 

9.3 

4.3 

22.6 

7.1 

23.2 

33.T 

Cottonseed  (whole,  with 

hulls)   

5 

10..3 

18.4 

23.2 

24.7 

19.9 

Cottonseed  kernels  (without 

hulls)   

2 

6.2 

4.7 

31.2 

3.7 

17.6 

36.& 

Cottonseed  whole,  roasted . . 

2 

6.1 

5.5 

16.8 

20.4 

23.5 

27.7 

Peanut  icernel  (witho't  hulls) 

7 

7.5 

2.4 

27.9 

7.0 

15.6 

39.5 

Jiov^e  beian   

1 

1J.3 

3.8 

26.6 

7.2 

50.1 

1.0 

8 

10.8 

4.7 

34.0 

4.8 

28.8 

16.9 

5 

14.8 

3.2 

20.8 

4.1 

55.7 

1.4 

Mill  Products. 

77 

15.0 

1.4 

9.2 

1.9 

68.7 

3.8 

Corn  and  oob  meal  

7 

15.1 

8.5 

6.6 

64.8 

3.5 

6 

7.9 

2.0 

14.7 

.9 

67.4 

7.1 

Barley  meal   

3 

11.0 

2.6 

10.5 

6.5 

66.3 

2..* 

Eye  fl-.iir   

4 

13.1 

.7 

6.7 

.4 

78.3 

.8 

Wheat  flour,  all  analyses  

20 

12.4 

.5 

10.8 

.2 

75.0 

1.1 

4 

14.6 

1.0 

6.9 

.3 

75.8 

1.4 

Ground  linseed   

2 

S.l 

4.7 

21.6 

7.3 

27.9 

30.4 

2 

10.5 

2.6 

20.2 

14.4 

51.1 

1.2 

1 

10.8 

4.5 

36.7 

4.5 

27.3 

16.2- 

Ground  corn  and  oats,  equal 

13.0 

2.2 

10.5 

5.7 

64.2 

4.4 

Waste  Products. 

18 

lO.T 

1.4 

2  4 

30  1 

54.9 

.5 

Hominv  chops   

12 

IJ.l 

2.5 

9.S 

3.8 

64.5 

8.3 

5 

9.1 

1.3 

9.0 

12.7 

C2.2 

5.8 

3 

10.7 

4.0 

9.8 

4.1 

64  0 

7.4 

6 

8.1 

1.3 

11.1 

9.9 

62.5 

7.1 
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Grains    and    Other    Seeds — 
Continued. 
Gluten  Meal. 

Atlnsl  , 

Cream  

Cliicago^  , 

Kinn-  

Gluten  feed   

Ilullalo*  

Pi'oia*   

Dinmond  or  Rockford  

C'hienL''o  maize  feed  

Glucose    feed    and  glucose 

refuse   

Dried  starch  feed  and  sugar 

feed   

Siiircl;  feed,  wet  

Oat  liv.lls   

C:it  feed   

Barley  screenings   

Malt  sprouts   

Brewers'  frrajns,  wet  

Brewei.s"  ;> rains,  dried  

Dislillory  grain,  rj-e  

Distiilevy,  grain  corn  

Grano  gluten  

I'ye  bran   

V.ye  shorts   

Wheat  bran  from  spring. 
Wheat  

Wheat  bran  from  winter. 

Wheat  

Wlieat  bran,  all  analyses.. 

Wheat  middlings   

AMieat  shorts   

■Wheat  screenings   

Tiice  br.nn  

]iice  htills   

Ixioe  polish   

Buckwheat  hulls  

Buckwheat  bran   

Buckwheat  middlings   

Coltonseed  meal  

Cottonseed  hulls  

Linseed  meal,  old  process.. 
Linseed  meal,  new  process 
I'eannt  meal   


Percentage  Compositiou. 


amber  of 

Anal 

ater. 

otein. 

•ude 

Fiber. 

trogen 

-ee  Extract. 

Z 

< 

(X, 

o 





30.1 

.8 

33.7 

1.7 

51.1 

2.6 

12.3 

1.3 

3C.5 

1.4 

45.8 

2.7 

7.4 

.5 

33.7 

1.2 

52.6 

4.6 

11 

7.8 

1.1 

24.0 

5.3 

51.2 

10.0 

P.C 

k-.S 

27  1 

0.7 

51.1 

3.2 

1 

7.5 

.8 

19.8 

8.2 

51.1 

12.l> 

SM 

.8 

23.6 

6.6 

56.6 

3.5 

3 

9.1 

.9 

22.8 

7.6 

52.7 

6.9 

2 

O.T) 

1 .1 

20,7 

4.5 

56.8 

10.4 

4 

10  <■/ 

.9 

19.7 

4.7 

54.8 

9.0 

12 

65,4 

.3 

6.1 

3.1 

22.0 

3.1 

7.:', 

C  7 

3.3 

29.7 

52.1 

1.0 

4 

7.7 

3.7 

16.0 

6.1 

59.4 

7.1 

2 

12.2 

3  6 

12,3 

7.3 

61.8 

2.8 

64 

27.6 

10.9 

47.1 

3.0 

15 

7?'? 

1.0 

5.4 

3.8 

12.5 

1.6 

3 

3,6 

19.9 

11.0 

51.7 

5.5 

1 

7.3 

2.4 

18.3 

14.5 

43.0 

14.6 

1 

5.8 

2.8 

31.1 

12.0 

33  4 

14.9 

7 

11.6 

3.6 

14.7 

3,5 

2.S 

1 

9.3 

5.9 

18.0 

5.1 

59.9 

2.8 

10 

11.5 

5  4 

16.1 

8.0 

54.5 

4.5 

7 

12.3 

5.9 

16.0 

8.1 

53.7 

4.0 

88 

11.9 

5.8 

15.4 

9.0 

53.9  ' 

4.0 

1(1.0  ' 

3.8 

17.4 

5S.0  ' 

5.6 

12 

11.8  ' 

4.6 

14.9 

7.4 

56.8  1 

4.5 

to 

11.6 

12.5 

4.9 

65.1  1 

3.0 

9.7 

V,l  , 

32,1 

9.5 

49.9  1 

3 

13.2 

3.6  1 

35.7  1 

38.6  1 

.7 

4 

10.0  I 

6.7  1 

11.7 

6.3 

58.0  I 

7.3 

2 

2.2  1 

4.6 

43.5 

35.3 

1.1 

2 

10.5 

3.0  1 

12.4 

31.9  1 

38.8  j 

3.3 

3 

1.1.2 

4.8  1 

28.9 

4.1  1 

7.1 

0.8 

45.6 

5.4  1 

41.9  j 

10.8 

20 

1  1.1 

?5  1 

4.2  1 

46.3  1 

33,4  1 

2.2 

5.3  1 

35.7  ' 

36.0  ( 

7!2 

10.0  1 

5.2  1 

36,1  j 

S  1 

36.7 

3.6 

480 

10.7  1 

4.9  I 

47.6  1 

23.7  1 

8.0 

1  RefuKe  from  distilleries. 
•  Included  In  above  average. 


THE  FEEDING  OF  FARM  AXIJIALS. 

TABLE  III.— Continued. 


179 


Waste  Products — Continued) 

I'eanut  hulls   

Miscellaneous. 

Acorns   

Apples  

Apple  pomace   

Beet  pulp   

Beet  molasses   

Cabbage     

Prickl.N'  conifrey   

Pumpkin  (field)   

Sugar  hcei  loaves  

Dairy  j 'rod nets. 

Buttermilk   

Milk  

Skim  milk   

\\Tiey   


Percentage  Composition. 


S.O 

5o.?, 
80.8 
7(..7 
SL'.S 
20.8 
90.5 
St<A 
<iO.<J 
8S.0 

91.8 

8  r.3 

90.5 

9i;.o 


10.6 
1.4 

.5 

2.4 

0.8 
.7 
.8 
.8 


2.4 

1.  ;; 

2.  G 

2.8 
3.1 
3.5 


1.5 
l.G 
1.7 
2.2 
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TABLE  IV. 
Digestion  Coefficients  by  Ruminants — Averages. 
(From  Jordan  and  Hall's  Compilation  O.  E.  S.  Bulletin,  No.  77, 
pages  82  to  87.) 


Digestion  Coefficients. 


1  Number  of 
1  Experimt 

Dry 
Matter, 
per  cent. 

Organic 
Matter, 
per  cent. 

Ash, 
per  cent. 

Protein, 
per  cent. 

Fiber, 
per  cent. 

^- 

0 

1  Fat, 

1  per  cent. 

 ,  

Meadow  Grasses. 

3 

67.2 

68.6 

52.2 

64.3 

71.2 

67.9 

65.r 

4 

66.0 

G'.'.O 

59.5 

61.5 

66.5 

68.3 

64.a 

1 

63.5 

6C.6 

3.^.2 

48.1 

55.6 

65.7 

53.1 

1 

64.8 

60.4 

45.2 

71.7 

63.8 

67.8 

52.9 

1 

68.7 

70.(1 

49.7 

74.3 

72.5 

54.7 

1 

Mixed-grass  rowen  .... 

65.6 

67.4 

46  2 

67.4 

62.6 

71.6 

55.2 

Cereal  Plants. 

2 

Barley   

65.9 

6V.5 

54.4 

71.8 

60.8 

71.2 

59.9^ 

8 

Dent  corn,  immature. . . 

68.8 

70.7 

45.4 

65.2 

60.6 

73.0 

72.0- 

6 

66.6 

(ijc.5 

19.4 

52.3 

51.6 

74.7 

77.0 

14 

Dent  corn,  all  samples. 

67.8 

69.8 

35.6 

59.7 

60.2 

73.7 

74.1 

G 

71.1 

72.2 

55.3 

64.0 

62.9 

76.6 

75.& 

3 

Oats   

59.5 

60.9 

53.4 

71.8 

52.8 

62.6 

69.2 

1 

73.4 

75.3 

55. S 

79.4 

79.2 

70.1 

74.S 

2 

67.3 

69.0 

42.4 

46.8 

59.0 

74.6 

74.2 

Clovers  and  Legumes 

1 

67.9 

69.1 

56.1 

77.1 

56.1 

74.5 

66.5 

1 

66.1 

68.1 

55.0 

67.0 

52.6 

77.6 

64.5 

1 

59.3 

60.8 

43.4 

61.9 

52.5 

65.3 

60.8 

I 

68.4 

71.3 

42.3 

82.0 

62.4 

71.0 

52.4 

2 

68.3 

74.1 

22.8 

75.6 

59.6 

80.6 

59.4 

4 

59.8 

64.5 

18.9 

75.1 

47.0 

73.2 

54.1 

1 

61.8 

65.7 

17.3 

71.4 

44.2 

76.1 

58.6 

70.3 

73.1 

45.1 

82.8 

61.1 

76.3 

71.6 

Mixed 

1  (Barley  and  peas  

53.4 

60.2 

46.2 

77.2 

43.5 

61.4 

59.T 

65.4 

67.2 

45.4 

76.1 

59.7 

67.7 

67.T 

] 

67.0 

68.4 

52.7 

74.8 

68.3 

67.9 

47.2 

Silage. 

Maize. 

9 

65.1 

67.1 

32.2 

49.3 

66.7 

68.6 

80.0- 

6 

73.1 

76.1 

32.9 

62.8 

75.1 

76.9 

81.8 

13 

Dent  corn,  immature. . . 

65.6 

67.4 

34.3 

51.3 

70.6 

67.4 

80.2 

10 

Dent    and    flint  corn. 

70.8 

73.6 

30.3 

56.0 

70.0 

76.1 

82.4 

1 

68.1 

70.1 

31.9 

54.0 

71.1 

71.8 

83.5 

Miscellaneous.' 

1 

59.6 

63.4 

30.3 

57.5 

.52.0 

72.5 

62.6 

49.8 

53.8 

28.0 

55.3 

42.9 

61.2 

48.9 

1  Soy  bean  fg'oats)  

59.0 

59.3 

56.7 

75.7 

54.8 

52.0 

71 .» 

ijCorn  and  sov  bean  

69.0 

71.0 

65.0 

64.8 

74.9  1 

82.1 
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Miscellaneous — Cont'd 
Millet  and  soy  bean. . . 
Corn,  horse  beans  an 

sunflower  heads  

Corn,  horse  beans  and 

sunflower  plants  . 
Dried  Fodders. 
Meadow  Grasses 
Black    grass  (Juncus 

bulbosus   

Black     grass  (Juncus 

gerardi   

Blue  joint   

Branch  grass  (Spartina 

stricta  glabra  

Branch  grass  (Distich 

l3's  spicata)   

Chess  or  cheat  

Crab  grass   

Fox     grass  (Spartina 

patens   

Fox    grass  (Spartina 

juncea,  etc  

Flat  sage  

Hungarian  grass  

Johnson  grass   

Barnyard  millet  

Cat-tail  millet   

Orchard  grass   

Redtop   

Redtop  and  sedge  

Timothy  

Timothy,  before  or  ii 

bloom  

rimotliy,  past  bloom.. 

Timothy  rowen  

Wild-oat  grass  

Witch  grass   

Black  grass  and  red-top 

(cove  mixture)  . . 

Mixed  grasses   

Pasture  grass   

Swale  hay   

1 1  High-grown  salt  hay 
l|3alt-hay  mixture  .. 
2  Rowen  hay   


Digestion  Coefficients. 


•ass 

OS  D. 


,£3  ^ 

<  a 


O  1- 

Ph  a 


58.8 

59.9 

1 

58.4 

69.4 

59.2 

72.2 

65.6 

67.8 

41.1 

62.7 

60.1 

72.4 

76.7 

65.5 

69.3 

25.6 

58.0 

65.3 

73.7 

74.1 

59.5 

63.0 

60.5 

57.0 

41.5 

53.4 

52.1 

69.0 

54.3 

57.4 

49.0 

45.7 

54.3 

55.8 

29.4 

63.4 

54.5 

55.9 

44.7 

56.0 

62.5 

52.0 

54.0 

32.0 

49.7 

48.9 

58.1 

51.7 

56.4 

45.7 

36.6 

45.0 

47.3 

23.0 

42.0 

46.0 

49.0 

32.0 

53.6 

55.0 

37.6 

59.1 

54.5 

46.8 

54.8 

54.5 

58.2 

59.3 

57.4 

53.1 

36.4 

53.0 

57.0 

51.0 

52.0 

24.0 

56.5 

57.3 

62.0 

51.8 

00.4 

55.1 

36.1 

65.0 

66.3 

47.4 

60.0 

67.6 

67.1 

63.9 

56.5 

58.3 

30.5 

41.4 

65.7 

56.9 

38.4 

57.4 

56.8 

63.1 

63.7 

61.6 

51.6 

46.3 

62.3 

61.6 

68.4 

62.6 

66.5 

59.1 

46.1 

56.6 

57.8 

59.5 

60.4 

55.4 

53.8 

59.7 

61.2 

29.0 

61.3 

61.3 

61.9 

50.5 

46.0 

48.5 

10.1 

37.2 

55.7 

45.6 

49.0 

56.6 

57.9 

32.8 

46.9 

52.5 

62.3 

52.2 

60.7 

61.5 

44.2 

56.8 

58.8 

64.3 

58.4 

53.4 

54.5 

30.3 

45.1 

47.1 

60.4 

51.9 

62.2 

64.4 

56.4 

68.0 

66.5 

63.4 

49.5 

64.0 

65.2 

34.7 

58.3 

67.9 

65.5 

50.5 

61.2 

62.3 

40.9 

58.6 

62.8 

65.6 

57.2 

54.6 

54.3 

57.5 

47.9 

59.7 

53.2 

40.3 

57.1 

58.8 

58.5 

59.7 

58.7 

48.5 

72.6 

73.2 

51.8 

73.4 

76.1 

74.2 

67.3 

39.0 

34.0 

33.0 

46.0 

44.0 

53.0 

63.0 

50.0 

53.0 

47.0 

56.4 

54.9 

69.8 

42.6 

60.7 

54.7 

29.7 

64.4 

65.8 

46.6 

69.1 

66.6 

66.2 

47.4 
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Digestion  Coefficients. 


a.  O! 


O  u 

P-i  a. 


10 


Cereal  Plants. 

Barley  hay   

Dent  corn  fodder  

B'lint  corn  fodder  

Dent  and  flint  corn  fod- 
ders (immature)  . . . . 
Dent  and  flint  corn  fod- 
ders (mature)   

Sweet  corn  fodder  

Corn  stover   

New  corn  product  

Topped  corn  fodder  

Corn  blades  and  husks. . 
Corn  leaves  (pulled  fod- 
der)   

Corn  husks   

Corn  butts   

Oat  hay   

Oat  straw   

jSorghum  fodder  (pulled) 

1  Sorghum  bagasse  .... 

Clovers. 

2  Alsike  clover   

4  Crimson  clover   

6  Red  clover   

2  Red  clover  rowen  

1  White  clover   

Legumes  Other  Than 
Clovers. 

3  Alfalfa  

1  Cowpea  vine  

1  Peanut  vine   

]  Soy  bean   

1  Hairy  vetch   

Miscellaneous. 
1  Buttercup  hay  

1  Whiteweed  hay  

2  Clover  and  timothy  

1  Vetch  and  oats  

Grains  and  Seeds. 

5  Corn  meal   

2  Corn-and-cob  meal  .... 

]  Rye  meal   ,  

]  Pea  meal   

1  Soy  bean  meal  

1  Cottonseed  raw   

1  Cottonseed,  roasted  


61.2 

62.3 

44.8 

65.2 

61.7 

63.3 

40.5 

64.3 

66.1 

30.7 

50.4 

62.2 

68.0 

73.6- 

68!6 

71.7 

42.6 

60.0 

74.9 

7o!3 

71A 

63.9 

65.7 

37.2 

51.7 

66.0 

66.2 

72.Z 

68.2 

70.7 

30.6 

56.1 

55.8 

72.2 

73.9 

67.3 

69.8 

35.6 

64.1 

73.8 

68.2 

73.6 

57.2 

59.1 

32.6 

35.9 

64.2 

57.9 

70.4 

58.1 

59.2 

38.7 

46.7 

57.0 

60.5 

78.2 

57.4 

62.3 

3.8 

38.7 

71.0 

57.9 

67.4 

63.8 

67.1 

22.6 

47.7 

72.9 

66.4 

58.1 

59.8 

63.3 

26.8 

48.4 

67.5 

63.0 

59.9 

74.2 

16.0 

29.5 

79.5 

75.0 

32.5 

66.5 

69.4 

11.5 

21.0 

73.5 

69.0 

79.5 

49.3 

50.1 

34.6 

54.2 

43.5 

52.0 

61.9^ 

50.3 

52.0 

57.6 

53.2 

38.3 

63.1 

64.8 

29.5 

60.8 

70.4 

64.5 

46.r 

60.6 

62.2 

13.4 

13.7 

63.8 

64.8 

46.4^ 

62.3 

63.2 

52.2 

66.1 

53.5 

70.7 

50.2 

58.1 

59.1 

51.9 

68.7 

46.7 

64.6 

43.4 

57.4 

59.7 

29.1 

58.0 

54.2 

64.4 

55.2 

58.0 

59.1 

45.8 

64.8 

47.4 

62.8 

59.8 

66.0 

66.6 

58.5 

73.2 

60.6 

69.5 

50.fr 

58.9 

60.7 

39.5 

72.0 

46.0 

69.2 

51.0 

59.2 

60.0 

49.5 

64.8 

42.0 

70.6 

51.8- 

59.9 

63.1 

20.4 

63.3 

51.9 

69.5 

65.9 

62.4 

63.9 

71.1 

60.8 

68.8 

29.2 

69.4 

71.8 

42.2 

82.3 

61.1 

72.9 

70.3 

56.1 

56.6 

48.1 

56.3 

41.1 

66.9 

69.7 

57.8 

58.3 

52.0 

58.4 

45.5 

66.7 

62.0 

54.6 

53.2 

42.3 

49.6 

57.5 

54.0 

58.1 

58.7 

59.7 

66.0 

54.2 

18.6 

89.4 

93.9 

67.9 

94.6 

92.1 

78.7 

79.8 

55.6 

45.7 

87.6 

84.1 

87.3 

88.7 

84.4 

91.9 

64.2 

86.8 

87.9 

43.7 

83.2 

25.7 

93.6 

54.5 

81.9 

84.0 

91.1 

71.2 

76.3 

85.r 

66.1 

65.8 

43.3 

67.8 

75.5 

49.6 

87.1 

55.9 

56.8 

46.9 

65.9 

51.4 

7i.r 
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Digestion  CoefficientJ 


By-Products. 
Cereals, 

Atlas  meal   

Cerealine  feed  

Corncobs   

Dried  brewers'  grains. 

Gluten  feed   , 

Gluten  meal   , 

H.  O.  Dairy  feed  

H.  O.  horse  feed  , 

Maize  feed   

Malt  sprouts  

Quaker  oat  feed  

Victor  corn-and-oat  f'( 

Wheat  bran   

^Vl^eat  bran  and  shorts 

Wheat  middling-s   

Oil-Bearing  Seeds. 

Cottonseed  hulls   

Cottonseed  meal   

Linseed  meal,  old  pro- 
cess   

Dinseed  meal,  new  pro- 
cess   

Miscellaneous. 

Peanut  feed  

Rice  meal  

Roots. 

Mangolds   

Potatoes,  raw  

Potatoes,  boiled   

Rutabno-as  

Sugar  beets   

Turnips   


(J 
a 

Dry 
Matter, 
per  cent 

Organic 
Matter, 
per  cent. 

Ash, 
per  cent. 

Protein, 
per  cent. 

Fiber, 
per  cent. 

Nitrogen 
Free  E.xti 
per  cent. 

Fat, 

per  cent. 

79.6 

83.4 

72.8 

105.7 

84.5 

91.2 

90.4 

92.7 

76.6 

82.2 

95.3 

80.6 

51.4 

19.3 

57.5 

48.3 

61.6 

65.4 

79.3 

52.6 

57.8 

91.1 

86.3 

87.3 

85.6 

78.0 

89.2 

84.4 

89.7 

90.4 

88.2 

89.8 

94.4 

65.3 

68.0 

77.8 

40.8 

69.9 

85.5 

70.1 

72.6 

74.4 

35.2 

78.7 

84.0 

87.1 

87.1 

85.5 

67.1 

67.2 

80.2 

32.9 

■ 

■ 

62.0 

65.3 

81.1 

■ 

74.7 

77.4 

483 

Sfi  s 

62.3 

65.7 

77.8 

28.6 

69  4 

69  0 

60.2 

60.7 

7.5 

75.8 

18.3 

64.3 

45.0 

75.0 

78.5 

79.8 

33.1 

81.3 

86.3 

39.8 

40.5 

23.2 

40.0 

41.1 

85.7 

73.7 

76.1 

23.7 

88.4 

55.5 

60.6 

93.3 

78.7 

81.2 

88.8 

57.0 

77.6 

88.6 

79.2 

81.8 

85.2 

80.4 

86.1 

96.6 

32.1 

32.8 

70.6 

11.7 

49.1 

89.7 

73.8 

81.0 

61.9 

92.3 

91.1 

78.5 

84.8 

16.4 

74.7 

42.8 

91.3 

75.7 

77.0 

44.7 

90.4 

13.0 

80.1 

81.2 

43.4 

92.1 

87.2 

91.1 

31.2 

80.3 

74.2 

94.7 

84.2 

94.5 

31.9 

91.3 

100.7 

99.9 

49.9 

92.8 

96.1 

58.6 

89.7 

103.0 

96.5 

87.5 
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TABLE  V. 

This  table  is  modeled  after  the  tables  in  Bulletin  No.  154,  of  the 
Cornell  University  Agricultural  Experiment  Station,  but  the  figures 
have  been  calculated  anew  upon  the  basis  of  the  computations  given 
in  Table  3  and  the  digestion  coefficients  given  in  Table  4  of  this  ap- 
pendix. 

Digestible  Nutrients  in  the  Standard  Amounts  of  the  Feeding  Stuffs 
in  Common  Use  in  Maryland. 


Pounds  of  Digestible  Nutrients. 


5 

2 

Kind^and  Am 

ount  of  Food. 

JZ  +J 

> 

0 

0 

0 

pi 

0  + 

r'T?T?T?TSX 
VrlvJliiliiN 

X!  UU-UJliXV. 

— — — 

 —  

.14 

'0  ^ 

141 

l:ld.l 

.71 

.OoO 

.656 

.706 

9rit 

9  Rof 

9  S4 

9  S9fi 

3  55 

25^ 

3  280 

3  533 

4.27 

.304 

3.936 

4.240 

 35  lbs  

4.98 

.355 

4.593 

4.947 

5.G9 

.405 

5.249 

5.654 

.18 

.083 

.129 

.167 

1:3.3 

.90 

.194 

.645 

.839 

2.70 

.583 

1.935 

2.518 

3.60 

.777 

2.580 

3.357 

4.51 

.972 

3.225 

4.197 

Alfalfa   

 30  lbs  

5.41 

1.166 

3.870 

5.036 

6.31 

1.360 

4.515 

5.875 

Alfalfa   

 40  lbs  

7.21 

1.555 

5.161 

6.716 

 1  lb  

.11 

.018 

.091 

.109 

1:5 

.56 

.090 

.455 

.545 

 15  lbs  

1.68 

.272 

1.367 

1.639 

 20  lbs  

2.24 

.362 

1.823 

2.185 

 25  lbs  

2.80 

.543 

2.279 

2.732 

 30  lbs  

3.36 

.544 

2.735 

3.279 

 35  lbs  

3.92 

.634 

3.190 

3.824 

4.48 

.725 

3.646 

4.371 

  1  lb  

.12 

.023 

.103 

.126 

1:4.4 

.64 

.119 

.516 

.635 

1.94 

.358 

1.458 

1.906 

 20  lbs  

2.59 

.478 

2.064 

2.542 

3.23 

.297 

2.580 

3.177 

3.88 

.717 

3.097 

3.814 

 35  lbs  

4.53 

.836 

3.613 

4.449 

 40  lbs  

5.18 

.956 

4.129 

5.085 

  1  lb  1 

.19 

.029 

.163  1 

.192  1 

1:5.6 
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Pounds  of  Digestible  Nutrients. 


o 

0) 

Kind  and  Amount  of  Food. 

c 

tive 

*~ 

'5 

XI  ^ 

1 
H 

Pro 

D  + 

Tot 

3 

GREEN  FODDER— Continued. 

.95 

.147 

.816 

.963 

5 

lbs  

2.87 

.442 

2.449 

2.891 

Red  clover 

15 

lbs  ,  ,  ,  , 

3.86 

.589 

3.226 

3.815 

Red  clover 

20 

lbs  

4.82 

.737 

4.083 

4.820 

Red  clover 

25 

lbs  

5.783 

Red  clover 

.30  lbs  

5.79 

.884 

4.899 

Red  clover 

.35 

lbs  , 

6.75 

1.031 

5.716 

6.747 

Red  clover 

40 

lbs  , 

7.72 

1.179 

6.533 

7.712 

Rye   

.  1 

lb  

.17 

.018 

.149 

.167 

1 

8. 

Rye 

. .  5  lbs  

.85 

.093 

.747 

.840 

Rye 

.15 

lbs  

2.67 

.280 

2.243 

2.523 

Rye 

20  lbs  

3.53 

.373 

2.991 

3.364 

Rje 

25 

lbs     .  . 

4.39 

.466 

3.739 

4.205 

Rye 

30 

lbs  

5.25 

.560 

4.487 

5.047 

Rye 

35 

lbs 

6.11 

.653 

5.235 

5.888 

1?  ve 

40 

lbs  

6.97 

.746 

5.983 

6.729 

Corn  silag"e  (niciture) . . 

..  1 

lb  , 

.13 

.008 

.129 

.137 

1; 

16 

Corn  silage  (mature) . . 

.  5 

lbs 

.69 

.041 

.649 

.690 

Corn  silage  (ni.iture).. 

.  .15 

lbs 

2.07 

.125 

1.947 

1.072 

Corn  silage  (mature) .  . 

.  .20 

lbs 

2.76 

.167 

2.595 

2.762 

Corn  silage  (mature).. 

lbs  

3.45 

.209 

3.244 

3.453 

Corn  silage  (mature) .  . 

.  .30 

lbs  

4.14 

.251 

3.893 

4.144 

Corn  silage  ^mature).. 

35 

lbs 

4.8.-? 

.203 

4.542 

4.535 

Corn  silage  (mature) .  . 

.  .40 

lbs  

5.52 

.335 

5.191 

5.526 

Corn  silage  (mature)  .  . 

.  .45 

lbs 

6.21 

.377 

5.840 

6.217 

Corn  silage  (mature) .  . 

..50 

lbs  .  ,  .  . 

6.90 

.417 

6.489 

6.908 

Cow  peas,  silage  

,  1 

lb  

.12 

.015 

.076 

.091 

1 

.5 

Cow  peas,  silage  

5 

lbs 

.61 

.077 

.380 

.457 

Cow  peas,  silage  

15 

lbs  

1.85 

.232 

1.140 

1.372 

Cow  peas,  silage  

.  ,20 

lbs  

2.46 

.310 

1.520 

1.830 

Cow  peas,  silage  

25 

lbs  

3.08 

.388 

1.900 

2.288 

Cow  peas,  silage  

.  .30 

lbs  ,  . 

3.70 

.465 

2.280 

2.745 

Cow  jieas,  silage  

.  .35 

lbs,  ,  ,  , 

4.31 

.545 

2.660 

3.205 

,  40 

lbs  

4.93 

.623 

3.040 

3.663 

,  ,45 

lbs  

5.55 

.700 

3.420 

4.120 

..50  lbs  

6.16 

.778 

3.800 

4.578 

1 

lb  

.12 

.022 

.106 

.128 

1 

:4 

Soja  bean  silage  

5 

lbs  

.64 

.113 

.534 

.647 

Soja  bean  silage  

15 

lbs  

1.92 

.240 

1.604 

1.944 

Soja  bean  silage  

. .20  lbs  

2.56 

.453 

2.138 

2.591 

25 

lbs     ,  , 

3.21 

.566 

2.673 

3.239 

30 

lbs 

3.85 

.680 

3.208 

3.888 

lbs  

4.49 

.793 

3.743 

4.536 

5.13 

.906 

4,277 

5.183 

18C 
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Kind  and  Amount  of  Food. 


SILAGE— Continued. 

Soja  bean  silag-e  45  lbs.. 

Soja  bean  silage  50  lbs.. 

HAY  AND  STRAW. 

Alfalfa  hay   1  lb.  . 

Alfalfa  hiay   3  lbs.. 

Alfalfa  hay   5  lbs.. 

Alfalfa  hav   7  lbs.. 

Alfalfa  hay   8  lbs.. 

Alfalfa  hay   0  lbs.. 

Alfalfa  hay  12  lbs.. 

Alfalfa  hay  15  lbs.. 

Alfalfa  hay  is  lbs.. 

Alfalfa  hay  20  lbs.. 


Corn  stover   1  lb. 

Corn  stover   5  lbs. 

Corn  .stover   8  lbs. 

Com  stover  12  lbs. 

Corn  stover  15  lbs. 

Corn  sitover  18  lbs. 

Corn  stover  20  lbs. 


Cow-pea  hay   lib.  .. 

Cow- pea  hay   3  lbs... 

Cow-pea  hay   5  lbs.. . 

Cow-pea  hay   7  lbs.. . 

Cow-pea  hay   8  lbs... 

Co\v-pea  hay   9  lbs... 

Cow-pea  hay  12  lbs.. . 

Cow-pea  hay  15  lbs.. . 

Cow-pea  hay  18  lbs.. . 

Cow-pea  hay  20  lbs. . . 


Crimson  clover  hay. 
Crimson  clover  hav- 


1  lb. 
3  lbs. 

Crimson  clover  hay   5  lbs. 

Crimson  clover  hay   7  lbs. 

Crimson  clover  hay   8  lbs. 

Crimson  clover  hay   9  lbs.- 

Crimson  clover  haj'  12  lbs., 

Crimson  clover  hay  15  lbs., 

Crimson  clover  hay  18  lbs.. 

Crimson  clover  hay.r  20  lbs., 

Oat  hay   lib.  . 

Oat  hay   3  lbs., 

Oat  hay   5  lbs.. 

Oat  hay   7  Ib.s.. 


Pounds  of  Digestible  Nutrients. 


5.78 
0.32 

.53 
1.61 
2.09 
3.77 
4.31 
4.85 
0.47 
8.09 
9.71 
10.79 

.34 
1.70 
2.72 
4.08 
5.10 
6.12 
0.80 

.52 
1.58 
2.64 
3.70 
4.22 
4.75 
6.34 
7.92 
9.51 
10.57 

.52 
1.57 
2.62 
3.67 
4'.20 
4.72 
6.30 
7.87 
9.45 
10.50 

.41 
1.25 
2.09 
2.93 


o  + 


1.020 
1.138 

.102 
.328 
.534 
.740 
.843 
.946 
1.275 
1.604 
1.933 
2.139 

.013 
.068 
.109 
.163 
.204 
.245 
.272 

.106 
.319 
.532 
.745 
.852 
.959 
1.278 
1..598 
1.917 
"2.130 

.104 


..522 
.730 
.833 
.939 
1.253 
1.566 
1.879 
2.088 

.050 
.151 
.252 
.3.52 


4.812 
5.347 

.429 
1.289 
2.148 
2.578 
3.008 
3.437 
4.727 
6.016 
7.305 
8.594 

.326 
1.631 
2.610 
3.915 
4.894 
5.873 
6.525 

.407 
1.223 
2.039 
2.955 
3.363 
3.771 
4.994 
6.218 
7.442 
8.258 

.  398 


313    I  1.169 


1.949 
2.728 
3.118 
3.508 
4.677 
5.847 
7.016 
7.796 

.307 
.923 
1.539 
2.154 
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Kind  and  Amount  of  Food. 


Pounds  of  Digestible  Nutrients 


U  + 


HAY  AND  STEAW— Continued. 

Oait  bay   8  lbs  

Oat  hay   9  lbs  

Oat  hay  12  lbs  

Oat  hay  15  lbs  

Oat  hay  ^.18  lbs.... 

Oat  hay  20  lbs  


Orchard  grass  hay   1  lb. 

Orchard  grass  hay   3  lbs. 

Oi-chard  grass  hay   5  lbs. 

Orchard  grass  liay   7  lbs. 

Orchiard  grass  hay   8  lbs. 

Orchard  grass  hay   9  lbs. 

Orchard  grass  hay  12  lbs. 

Orchard  grass  hay   15  lbs. 

Orchard  grass  hay  18  lbs. 

Orchard  grass  hay  20  lbs., 


Eed  clover  hay   1  lb. 

Red  clover  hiay   3  lbs. 

Red  clover  hay   5  lbs. 

Red  clover  hay   7  lbs. 

Red  clover  hay   8  lbs. 

Red  clover  hay   9  lbs. 

Red  clover  hay  12  lbs. 

Red  clover  hay  15  lbs. 

Eed  clover  hay  18  lbs. 

Red  clover  lhay  20  lbs. 

Timoithy    1  lib.  , 

Timothy    3  lbs. 

Timothy    5  lbs., 

Timothy    7  lbs., 

Timothy    8  lbs., 

Timothy    9  lbs., 

Timothy   12  lbs., 

Timofthy   15  lbs., 

Timofbhy   18  lbs.. 

Timothy   ,  20  lbs., 

GRAIN.  I 
*Barley  1  lb.  . 

Barley  ,'. .  2  lbs.. 

Barley  1..  3  lbs. 

Barley  .  4  lbs.. 

Barley   5  lbs. . 

Barley   6  lbs.. 


3.35 
3.77 
5.02 
6.27 
.  7.53 
8.39 

.50 
1.50 
2.50 
3.50 
4.00 
4.50 
6.01 
7.51 
9.01 
10.01 


1.46 
2.43 
3.41 
3.89 
4.38 
5.84 
7.30 
8.76 
9.74 

.55 
1.65 
2.75 
3.85 
4.40 
4.96 
6.61 
8.26 
9.9fi 
11.02 

.76 
1.53 
2.29 
3.06 
3.83 
4.59 


.403 
.453 
.604 
.756 
.907 
1.008 

.048 
.144 
.240 
.337 
.385 
.433 
.578 
.722 
.867 
.963 

.071 
.214 
.356 
4.99 
.570 
.642 
.856 
1.070 
1.926 
2.068 

.028 
.084 
.140 
.197 
.226 
.254 
.338 
.422 
.506 
.563 


.173 
.260 
.347 
.434 
.520 


2.462 
2.770 
3.694 
4.617 
5.541 
6.157 

.454 
1.362 
2.271 
3.180 
3.634 
4.088 
5.451 
6.814 
8.177 
9.086 

.420 
1.262 
2.103 
2.945 
3.366 
3.786 
5.049 
6.311 
7.573 
8.415 

.485 
1.456 
2.428 
3.399 
3.885 
4.370 
5.827 
7.284 
8.741 
9.713 


1.368 
2.052 
2.736 
3.420 
4.104 


2.865 
3.223 
4.298 
5.373 
6.448 
7.165 

.502 
1.506 
2.511 
3.517 
4.019 
4.521 
6.029 
7.536 
9.044 
10.049 

.491 
1.476 
2.459 
3.444 
3.936 
4.428 
5.905 
7.381 
9.499 
10.483 

.513 
1.540 
2.568 
3.596 
4.111 
4.624 
6.195 
7.706 
9.246 
10.176 

.770 
1.541 
2.312 
3.083 
3.854  • 
4.624 


'■Digestion  coeltlclent  ot  fiber  taken  from 
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TABLE  v.— (Continued). 


Kind  and  Amount  of  Food. 

Total  dry  o 
matter.  ^ 

sof  Dige 
• 

•9 

Stible  Ni 



1)  IM 

o  "S 
•£  ^ 

O  "T 

5 

Protein.  = 

Nutritive  1 

ratio.  j 

(JKAIN— Continued. 

tCorn  (Dent)  . 

1  lb  

.79 

.069 

.685 

.754 

1 

:9.9 

corn  (JJent;  . 

1.59 

.139 

1.370 

1.509 

Com  (Dealt)  . 

...  3  lbs  

.309 

2.055 

2.264 

Corn  (Dent)  . 

.  ■• .  4  lbs  

3.19 

.279 

2.740 

3.019 

Corn  (Dent)  . 

...  5  lbs  

3.99 

.349 

3.425 

3.774 

Corn  (Dent) 

...  6  lbs  

4.79 

.419 

4.110 

4.529 

Com  (Dent)  . 

...  7  lbs  

5.59 

.489 

4.796 

5.285 

Corn  (Dent)  . 

...  8  lbs  

6.39 

.559 

5.481 

6.140 

Corn  (Dent)  . 

7.19 

.629 

6.166 

6.795 

Oats  

1  lb  

.63 

.092 

.577 

.669 

1 

:6.2 

Oats  

...  2  lbs  

1.26 

.184 

1.155 

1.339 

Oats   

...3  lbs  

1.89 

.276 

1.733 

2.009 

Oats   

...4  lbs  

2.53 

.368 

2.311 

2.679 

Oats   

...5  lbs  

3.15 

.460 

2.888 

3.348 

Oats   

...6  lbs  

3.79 

.552 

3.466 

4.018 

Oats   

...7  lbs  

4.42 

.644 

4.044 

4.688 

Oats   

...8  lbs  

5.05 

.736 

4.622 

5.358 

Oats   

...9  lbs  

5.68 

.828 

5.199 

6.027 

Oats   

...12  lbs  

7.58 

1.104 

6.933 

8.037 

Oats   

...15  lbs  

9.47 

1.380 

8.666 

10.0^6 

tRye   

1  lb  

.77 

.089 

.680 

.709 

1 

:7.6 

1.54 

.179 

1.361 

1.540 

Rye   

...  3  lbs  

2.31 

.269 

2.041 

2.310 

Rye   

...  4  lbs  

3.08 

.358 

2.722 

3.080 

Rye   

...5  lbs  

3.85 

.448 

3.403 

3.851 

Rye   

...6  lbs  

4.63 

.537 

4.083 

4.620 

MILL  AND 

BY-PRODUCTS. 

*Corn-and-cob 

.66 

.047 

.664 

.711 

1: 

14.1 

Corn-and-cob 

1.33 

.094 

1.328 

1.422 

2.00 

.141 

1.992 

2.133 

Com-and-cob 

...  4  lbs  

2.67 

.189 

2.656 

2.845 

Com-and-cob 

...5  lbs  

3.34 

.236 

3.320 

3.556 

Corn-and-cob 

meal . . . 

...  6  lbs  

4.00 

.283 

3.984 

4.267 

Corn-and-cob 

meal  , 

...7  lbs  

4.67 

.330 

4.648 

4.978 

Corn-amd-cob 

...  8  Ills  

5.34 

.378 

5.312 

5.690 

Corn-and-cob' 

...9  lbs  

6.01 

.425 

5.976 

'6.401 

...12  lbs  

8.01 

.567 

7.968 

8.535 

Hominy  dhops 

...  1  lb  

.79 

.066 

.797 

.863 

1: 

12 

Hominy  chops 

...2  lbs  

1.58 

.133 

1.594 

T.727 

Hominy  chops 

...3  lbs  

2.38 

.200 

2.392 

2.592 

Homiiny  chops 

...  4  lbs  

3.17 

.267 

3.189 

3.456 

Hominy  chops 

...5  lbs  

3.97 

.333 

3.986 

4.319 

ttJsed  digestion  coefflclent  of  nber  as  obtained  from  digestion  by  horses. 
tUsed  digestion  coefflclent  of  nber  as  obtained  from  digestion  by  horses. 
*  Digestion  coefflcleuts  taken  from  those  of  corn  meal. 
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Kind  and  Amount  of  Food. 


mLL  AND  BY-PRODUCTS— Con. 

Hominy  chops    0  lbs  

Hominy  chops    7  lbs  

Hiomiiny  chops    8  lbs  

Hominy  chops    9  lbs  


Brewers'  grains,  dry   1  lb. 

Brewers'  grains,  dry   2  lbs. 


]ns, 


Brewers' 
Brew( 
l?revvers'  grains,  di- 
Brewers'  grains,  dr; 
Brewers'  graini5,  dr. 
Brewers'  gnainis,  dry 


8  lbs.. 


Brewers'  grains,  dry   9  lbs  


Brewers' 
Brewers' 
Brewers' 
Brewers' 
Brewers' 
Brewers' 
Brewers' 
Brewers' 
Brewers' 
Brewers' 
Brewers' 
Bi-cwers' 


grains, 
gi\T.ins, 
grains, 
gi-aims, 
grains, 
grains, 
graiins, 
grains, 
grains, 
grains, 
grains, 
grains, 


we^;   1  lb. 

wet. ....  3  lbs. 

wet   3  lbs. 

wot   4  lb«. 

wet. ....  5  I'bs. 

wet   6  lbs. 

wet          7  lbs. 

wet          8  lbs. 

wet  9  lbs. 

wet  11  lbs. 

wet  12  lbs. 

wet  15  lbs. 


■^Buckwheat  middlings. 
Biickwheat  middlings. 
Buckwheiit  middlings. 
Buckwheat  middlings. 
Buckwheat  middlings. 
Buck wlieiajt  middlings. 
BuckvNheat  middlings. 
B u  c  Iv  Nv  h eat  mid  il  1  i  n,gs . 
B  n  c  k  vvh  eat  middlings. 


1  lb. 

2  lbs. 

3  lbs. 

4  lbs. 

5  lbs. 
C  lbs. 

7  lbs. 

8  lbs. 

9  lbs. 


Coittomseed  meal    1  lb.  . 

Cottonseed  meal    2  lbs. 

Cottonseed  meal    3  lbs. 

Cottonseed  meal    4  lbs., 

Cotttxnseed  meal    5  lbs., 

Cottonseed  meal    6  lbs. 

Cottionseed  meal    7  lbs. 

Cottonseed  meal    8  lbs.. 

Cottonseed  meal    9  lbs.. 


Pounds  of  Digestible  Nutrients, 


.14 
.29 
.44 
.59 
.74 
.89 
1.02 
1.17 
l.:!2 
1.02 
1.77 
2.22 

.05 

1.30 
1.95 
2.00 


3  90 
4.55 
5.20 
5.85 

.68 
1.37 
2.06 
2.74 
3.43 
4.12 
4.80 
5.49 
6.18 


a2 

d 

o 

U  + 

.400 

4.784 

5.184 

.4Gt) 

5.581 

(i.047 

.533 

0.37S 

(i.911 

.599 

7.17G 

.157 

.471 

.628 

.315 

.942 

1.257 

.473 

1.414 

1.887 

2.516 

.T'-'.i 

'.",:;':)  7 

4.146 

3.774 

1.104 

3.300 

4.404 

1.2G2 

3.771 

5.033 

1.420 

4.243 

5.663 

.042 

.125 

.107 

.085 

.250 

.128 

.376 

.504 

.171 

.501 

.672 

.214 

.020 

.840 

.256 

.751 

1.007 

.299 

.876 

1.175 

.342 

1.001 

1.343 

.428 

1.126 

1.554 

.513 

1.376 

1.889 

.r)5i) 

1.501 

2.057 

.085 

1.S77 

2.562 

.230 

.492 

.722 

.461 

.984 

1.445 

.092 

1.476 

2.168 

.922 

1.968 

2.890 

1.153 

2.461 

3.614 

1.384 

2.953 

4.337 

1.015 

3.445 

5.060 

1.845 

3.937 

5.782 

2.076 

4.429 

6.505 

.403 

.341 

.744 

.806 

.083 

1.489 

1.209 

1.204 

2.233 

1.612 

1.366 

2.978 

2.015 

1.707 

3.722 

2.418 

2.049 

4.567 

2.821 

2.391 

5.212 

3.224 

2.732 

5.956 

3.627 

3.074 

6.701 

■^Digestion  coefflcleuts  taken  from  those  of  wheat  mWdlJuii 
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TABLE  V— (Continued). 


Kinds  and  Amount  of  Food. 


MILL  FEED  AND  BY-PEODUCTIS- 
(Cotttinued) . 

Gluteal  feed    1  lb.  . 

Gluten  feed    2  lj>s.. 

Gluten  feed    3  lbs.. 

Gluten  feed    4  lbs.. 

Gluiten  feied    5  lbs.. 

Gluiten  feed    6  lbs.. 

Gluten  feed    7  lbs.. 

Gluten  feed    8  lbs.. 


Pounds  of  Digestible  Nutrients. 


•5  E 


Glutem  meal   1  lb.  . 

Gluten  meal   2  lbs. 

Gluten  meal   3  lbs. 

Gluiten  meal   4  lbs. 

Gluten  meaJ   5  lbs. 

Gluten  meal   6  lbs. 

Gluten  meal    7  lbs. 

Gluten  meal   8  lbs. 


Linseed  meal: 

(New  process)  1  lb.  . . . 

(New  process)  2  lbs  

(New  process)  3  lbs  

(New  process)  4  lbs.... 

(New  proc/ess)  5  lbs  

(New  process)  6  lbs  

(New  process)  7  lbs.... 


Linseed  melal: 

(Old  process).  1  lb.  , 
(Old  process).  2  lbs. 
(Old  process).  3  lbs. 
(Old  process) .  4  lbs. 
(Old  process).  5  lbs. 
(Old  process).  6  lbs. 
(Old  process) .  7  lbs. 


Malt  sprouts    1  lb.  . 

Malt  sproiits    2  lbs., 

Mialt  sprouts    3  lbs.. 

Malt  sprouts    4  lbs. 

Malt  sprouts    5  lbs. 

Malt  sprouts   '. .  6  lbs. 

Malt  spronts    7  lbs. 

Malt  sprouts    8  lbs. 

Malt  sprouts    9  lbs. 

WheaJt  bran   1  lb. 


.79 
1  59 
2.38 
3.18 
3.97 
4.77 
5.56 
6.36 

.78 
1.57 
2.36 
3.14 
3.93 
4.72 
5.50 
6.29 


.71 
1.42 
2.13 
2.85 
3.56 
4.27 
4.99 


.72 
1.44 
2.16 
2.88  . 
4.33 
4.33 
5.05 

.63 
1.27 
1.91 
2.54 
3.18 
3.82 
4.46 
5.09 
5.73 

.54 


.205 
.410 
.616 
.821 
1.027 
1.232 
1.438 
1.643 

.321 
.643 
.965 
1.287 
1.609 
1.931 
2.253 
2.575 


.307 
.615 
9.22 
1.229 
1.536 
1.844 
2.153 


.317 
.634 
.951 
1.268 
1.892 
1.892 
2.209 


1.106 

1.549 
1.770 
1.992 

.119 


U  + 


.699 
1.398 
2.098 
2.797 
3.496 
4.196 
4.895 
5.594 

.474 
.948 
1.422 
1.896 
2.371 
2.845 
3.319 
3.793 


.507 
1.014 
1.521 
2.028 
2.535 
3.042 
3.550 


.461 
.922 
1.383 
1.844 
2.766 
2.766 
3.227 

.427 
.854 
1.281 
1.708 
2.136 
2.563 
2.990 
3.417 
3.844 
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Kinds  and  Amount  of  Food. 

Total  dry 

Matter,  g 

s  of  Dige 

.S 

o 

Stible  Ni 

 — 

0  M 
X3  ^ 

itrients. 
^• 

O 

4; 
> 

't, 
3 

ratio.  1 

MILL 

FEED  AND 

BY-PEODUCTS 

(Continued). 

Waieait 

lbs 

1.09 

.239 

.961 

1.200 

Wheat 

 3 

lbs 

1.64 

.359 

1.442 

1.801 

Wheat 

 4 

lbs  

2.1!) 

.479 

1.923 

2.402 

Whielait 

  5 

lbs 

2.74 

.599 

2.404 

3.003 

Wheat 

 6 

lbs  

3.29 

.718 

2.884 

3.602 

Wheat 

 7 

.838 

3.365 

4.203 

Wheat 

 8 

lbs 

4.39 

.958 

3.846 

4.704 

meat 

lbs  ,  , 

4.93 

1.078 

4.327 

5.405 

meat 

middling.s  . 

  1 

lb. 

.67 

.138 

.587 

.725 

1: 

4.2 

W^heat 

middling-s  . 

lbs 

1.35 

.277 

1.117 

1.394 

Wheat 

mifkllingis  . 



2.02 

.416 

1.762 

2.178 

Whea:t 

middlings  . 

  4 

lb« 

2.70 

.555 

2.349 

2.904 

Wheat 

niiddling-.s  . 

  5 

lbs  

3.37 

.694 

2.937 

3.631 

Wheat 

niiddling-s  . 

lbs  

4.05 

.833 

3.514 

4.347 

Wheat 

riTiddlinps  . 

  7 

lbs 

4.72 

.971 

4.102 

5.073 

W.liea.t 

middlings  . 

  8 

lbs  

5.40 

1.110 

4.689 

5.799 

Wlbeait 

middlin>"-s  . 

 '.  9 

lbs  

0.07 

1.249 

5.277 

6.526 

MISCELLANEOUS 

Skim  milk   

  1 

lb  

.12 

.029 

.057 

.086 

1: 

2 

  ,5 

lbs  .  , 

.62 

.145 

.285 

.430 

  8 

lbs 

.99 

.233 

.456 

.689 

n»  , 

1.49 

.349 

.684 

1.033 

11>S  ,  ,  ,  , 

1.86 

.437 

.855 

1.292 

 20 

lbs  

2.48 

.582 

1.140 

1.722 

 2,5 

lbs  

3.11 

.728 

1.43G 

2.154 

lbs    ,    ,  , 

3  73 

.874 

1.711 

2.585 

  1 

lb  

.07 

.026 

.044 

.070 

1: 

1.7 

  5 

lbs 

.38 

.134 

.224 

.358 

T.iitter 

lbs  ,  ,  ,  , 

.61 

.215 

.359 

.574 

l^iittci- 

milk   

 12 

lbs 

.93 

.322 

.539 

.801 

P.iittei 

milk   

 15 

lbs  ,  . 

1.16 

.403 

.674 

1.077 

Butter 

 20 

lbs  ,    ,  , 

1.54 

.537 

.899 

1.436 

lbs 

1.93 

.672 

1.182 

1.794 

Butter 

 30 

lbs  

2.32 

.806 

1.347 

2.153 

102  MARYDAXD  AGHICL'ILTUPlAJL  EXPEEISIEXT  STATIO^^ 

TABLE  VI. 

Fertilizing  Constituents  of  American  Feeding  Stuffs  and  Manur- 
ial  \'alue  per  ton. 

From  the  Handbook  of  Experiment  Station  Work,  except  as 
otlierwise  noted.  Nitrogen  valued  at  12  cents  per  pound,  phosphoric 
acid  at  4  cents,  and  potash  at  5  cents. 


GREEX  FODDER. 

Corn — dent,  cut  before  glazing  

Cow  pea   

Crimson  clover  (just  heading*)  

Crimson  clover  (full  bloom*)  

Orchard  grass  (in  bloom)  

Pasture  grass*   

Red  clover   

Rye   

Soja  bean  

SILAGE. 

Corn  silage — tnernire  of  all  analyses. 
H.\Y,  STR.V..,  ETC. 

Alfalfa  hay   

Barley  straw   

Buckwheat  hulls   

Corn  forage,  field  cured  

Corn  stover,  field  cured  

Clover  hay,  red   

Hungarian  millet  hay  

Mixed  meadow  grass  haj'  

Mixed  haj'   

Oat  straw  

Orchard  grass  hay  

Red-top  ha.v  

Rye  straw   

Timothy  hay   

Whe.lt  straw   

Wheat  chaff   

ROOTS  AND  TUBERS. 

Carrots   

Mangel  wurzels   

Potatoes   

Rutabagas   

Sng;ir  beets  

Turnips  

GRAIN.  . 

Barley   

Buckwheat   


Pounds 

in  1()0  pounds 

lars 

u 

0 

^- 

C 

Z 

ipho 

ji 

•Sc 

V  0 

0 

>  c 

0.41 

0.15 

0.33 

1.43 

0.27 

0.10 

0.31 

1.04 

0.40 

0.12 

0.34 

1.40 

0.51 

0.12 

0.35 

1.67 

0.4."? 

0.16 

0.76 

1.92 

0.75 

0.19 

0.60 

2..55 

0.53 

0.13 

0.46  . 

1.84 

0..33 

0.15 

0.73 

.64 

0.29 

0.15 

0.53 

1.35 

0.28 

0.11 

0.37 

1.13 

2.19 

0.51 

1.68 

7.34 

1.31 

0.30 

2.09 

5.47 

0.49 

0.07 

0.52 

1.74 

1.76 

0.54 

0.89 

5.55 

0.29 

1.40 

4.13 

2.07 

0.38 

2.20 

7.47 

1.20 

0.35 

1.30 

4.46 

1.02 

0.26 

1.48 

4.14 

1.67 

0.46 

1.55 

5.93 

.02 

0.20 

1.24 

2.89 

1.31 

0.41 

1.88 

5.35 

.15 

0.36 

1.02 

4.07 

0.46 

0.28 

0.79 

2.12 

1.26 

0.53 

0.90 

4.35 

0.59 

0.12 

0.51 

2.02 

0.79 

0.70 

0.42 

2.88 

0.15 

0.09 

0.51 

.94 

0.19 

0.09 

0.38 

.91 

0.21 

0.07 

0.29 

.85 

0.19 

0.12 

0.49 

1.04 

0.22 

0.10 

0.48 

1.09 

0.18 

0.10 

0.39 

0.90 

1.51 

0.79 

0.48 

4.74 

1.44 

0.44 

0.21 

4.02 

•Ueport  X.  J.  Experiment  station,  X894. 
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GRAIN— ContinTied. 

Corn — dent*   

Corn,  sweet*  


Peas,  Canada 

Rye  

Wlient.  \viii1cT 


MILL  AND  BY-PRODUCTS. 

P.arlrv  iii,-al   

Puck\vheat  middiing'st   

Corn  meal   

Corii-and-fob  meal  

lloiiiiny  cliop   


Pye  bran  

Wheat  bran   

Wheat  middlings  

Wheat  shorts*  

Apple  pomaee   

Brewers'  grains,  dried. 
I'rewers'  grains,  wet... 


('(,11(,ns,',.,!  liulls  

(■(.(1(,ns(',.(l  meal   

(ill! ten  meal   

(ilnten  feed   

Germ  meal   

Linsi>('i1  meal,  new  process... 

Jyinsccil  MM  ii  1,  process  

Mail  spi-.Hils  

DAIRY  PRODUCTS. 

P.ntter   

Rnttermilk  

Cheese   

Cream   

Milk  

Skim  milk   

Whey  


•Report  N  .1.  Exji 


cut  Station,  18<)4. 


Pounds  in  100  pounds.;  ^ 


Nitrogen. 

1 

1  Phosphoric 
Acid. 

1 

Potash.  1 

1 

1 

Value  in  Doll 
per  ton. 

■ 

r'op 

•)  IK 

n  ri 

r  99 

0.82 

0.99 

Q 

A9 

0.89 

0.01 

0.9. 

1.55 

0.06 

0..S4 

4.59 

^470 

]  .»8 

003 

0*40 

L41 

0.57 

0.47 

4.31 

^^v^ 

(i.<)S 

0.49 

5.18 

0.99 

9.04 

8 

1.40 

?.79 

2.()7 

2.S9 

1.61 

10.33 

2.0.3 

0.95 

0.03 

7.70 

2.42 

1.38 

0.05 

7.50 

0.23 

0.02 

0.13 

.70 

3.05 

1.26 

1.55 

9.88 

0.89 

0.31 

0.05 

2.43 

0.50 

0.06 

0.60 

1.85 

0.75 

0.18 

1.08 

3.02 

6.64 

2.68 

1.79 

19.87 

5.03 

0.33 

0.05 

12.39 

3.44 

0.38 

0.07 

8.63 

3.48 

6.16 

2.91 

16.19 

5.78 

1.83 

1.39 

10.73 

5.43 

1.66 

1.37 

15.73 

3.55 

1.43 

1.63 

11.29 

0.12 

0.04 

0.04 

.36 

0.48 

0.17 

0.16 

1.45 

3.93 

0.60 

0.12 

10.03 

0.40 

0.15 

0.13 

1.21 

0.53 

0.19 

0.18 

i.on 

0.56 

0.20 

0.19 

1.69 

0.15 

0.14 

0.18 

.65 

tThe  NitrdLceu  fn)in  .lenkins  &  Wiiir. 
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